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T h e  asym m etric s y n th e s is  of n a tu ra l  p ro d u c ts  v ia  1 ,3 -d ip o la r  cyclo - 
a d d itio n s  of c h ira l n itro n e s  to  p ro c h ira l o le fin s  h a s  b een  an  a re a  of 
in te n s e  a c tiv ity  over th e  p a s t  d ecad e . ^  ^  T h e  w ork  d e s c r ib e d  in  
th is  th e s is  inv o lv es  th e  app lica tion  of two s h o r t ,  h ig h ly  e ff ic ie n t 
asym m etric  ro u te s  to th e  s y n th e s is  of com pounds of b io log ical 
(C h a p te r  2) an d  commercial (C h a p te r  3) in te r e s t .  T he  key  s te p  in 
each  sy n th e s is  invo lves d ipo lar cy c lo ad d itio n  of a c h ira l n it ro n e  to a 
s u b s t i tu te d  d ip o la ro p h ile .
T he In tro d u c tio n  g iv es  an  ac c o u n t of th e  m ech an is tic  a s p e c ts  
of 1 ,3 -d ip o la r  cy c loadd itions  an d  d e s c r ib e s  some r e c e n t  exam ples of 
asym m etric  s y n th e s e s  in v o lv in g  n itro n e -o le f in  cy c lo ad d itio n  re a c tio n s .
C h a p te r  1 p ro v id e s  a s h o r t  d isc u ss io n  on th e  g e n e ra l m ethods 
of p re p a ra t io n  of a ld o n itro n e s , in p a r t ic u la r  th e  c h ira l a ld o n itro n e s  u se d  
in  th e  s y n th e s e s  d e sc r ib e d  in C h a p te rs  2 a n d  3. T he  s t r u c tu r e  of 
a ld o n itro n e s  is  also  b r ie f ly  d is c u s se d  in  C h a p te r  1.
C h a p te r  2 g ives  a d e ta ile d  acc o u n t of th e  asym m etric  




T h is  is  a co n tin u a tio n  of th e  w ork  d e s c r ib e d  b y  M offat an d  O v erto n  
w ho d e v ise d  a g en era l asym m etric  ro u te  to  $- a.niino ac id s  in v o lv in g
1 ,3 -d ip o la r  cycloadd ition  of c h ira l n i t ro n e s  to  v in y l a c e ta te  to  y ie ld  
iso x azo lid in es  in w hich s u b s t i tu e n ts  h a v e  b e e n  p la c e d  in  a re g io -  an d  
s te re o s e le c tiv e  m anner on th e  p e r ip h e ry  of th e  fiv e-m em b ered  r in g ,  
[Schem e I ] .
H^ R
ps X -> C
H 'Me
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R =alkyl, aryl 
Scheme I
T h e  isoxazo lid ines  a re  form ed a s  a c ru d e  m ix tu re  of fo u r  n o n -racem ic  
d ia s te re o m e rs  w ith  th e  in d u c e d  c h ira l c e n tre  a t  C -3  u ltim a te ly  
becom ing th e  ch ira l c e n tre  of th e  fin a l 3_amino ac id . T he  c h ira l 
c e n tr e  a t  C -5 is  d e s tro y e d  v ia  th e  s u b s e q u e n t s y n th e t ic  s te p s .  A 
ch ro m a to g rap h ic  s e p a ra tio n  of d ia ste reo iso m eric  5 -ace to x y  isoxazo lid ines  
h a s  allow ed th e  e n an tio se le c tiv e  s y n th e s is  of o p tica lly  p u r e  (R ) -  an d  
(S )~ 3 _ly s in e .
iv
T he w ork d e sc r ib e d  in  C h a p te r  3 in v o lv es  a s te re o c o n tro lle d  
s y n th e s is  of th e  d ip e p tid e  a rtif ic ia l sw e e te n e r, A spartam e [ ( S ) -  
A sp a r ty l- (S ) -P h e n y la la n in e  m ethyl e s te r ]  (95) via 1 ,3 -d ip o la r  cyclo­
ad d itio n  of n itro n e s  (1 1 9 a ,b ,c )  to th e  k e te n e  e q u iv a le n t 2 -ch lo ro - 








T h e  same g en era l seq u en ce  a s  th a t  u s e d  fo r  th e  asym m etric  sy n th e s is  
of 3 -ly s in e  was em ployed a lth o u g h  2 -c h lo ro a c ry lo n itr ile  w as show n to 
b e  f a r  su p e r io r  to  v in y l a c e ta te  a s  a d ipo laroph ile  in  te rm s  of 
r e a c t iv i ty  to w ard s  n itro n e s  an d  chem ical y ie ld s . T he  se q u e n c e  also 
p ro v id e s  a p o te n tia l g en e ra l asym m etric  ro u te  to  a s p a r ty l  d ip e p tid e s .
VC h a p te r  4 re c o rd s  th e  c o n v e rs io n  of v a r io u s  am ines in to  
im ines b y  S w ern  ox ida tion  [DMSO/(COC&) , th e  m ost n o ta b le  exam ple 
b e in g  th e  co n v ers io n  of indo line (141) in to  indo le  (143) in  alm ost 90% 








T h is  w ork  a ro se  o u t of an  u n e x p e c te d  o b se rv a tio n  in th e  s y n th e s is  of 
3 - ly s in e . A lthough  n o t d ire c tly  r e la te d  to  th e  main to p ic  of th is  th e s is ,  
th e  f in d in g  is  of fun d am en ta l im p o rtan ce  s in ce  S w ern  r e a g e n ts  h av e  n o t 




1. B ac k g ro u n d
E arly  r e s e a r c h e r s  s tu d y in g  th e  co n d en sa tio n  of c a rb o n y l 
com pounds w ith  N -s u b s t i tu te d  h y d ro x y lam in es  co ined  th e  te rm  "n itro n e "  
a s  a com bination of th e  w ords "n itro g e n "  a n d  "ketone" to  em p h asise  th e  
p a ra lle l be tw een  th is  new ly d isc o v e re d  fu n c tio n a lity  (1) a n d  th e  a lre a d y  
e s ta b lis h e d  ch em is try  of th e  c a rb o n y l g ro u p , [Schem e 1 ],
+
R v  + / 0
R1NHOH + J V = 0  - - - - - - - - - ►
R3/  R 
( 1 )
Scheme 1
F o r in s ta n c e , th e  iminium c h a ra c te r  of n it ro n e s  r e n d e r s  them  su sc e p tib le  
to  nuc leo p h ilic  a t ta c k  w ith  ca rb a n io n s  of v a r io u s  ty p e s .  T h e  w ork  
p r e s e n te d  in  th is  th e s is ,  on th e  o th e r  h a n d , fo cu ses  e n t ire ly  upon  th e  
te n d e n c y  of n i t ro n e s  to u n d e rg o  [3+2]-cy c lo ad d itio n  re a c tio n s  w ith  a
v a r ie ty  of d ipo lar op hile s .  T h is  p ro c e s s  p ro v id e s  an  e ff ic ie n t e n t ry  in to  
iso x azo lid in es  (2 ) ,  an  im p o rtan t c la ss  of h e te ro c y c lic  com pounds, w hich 
o ccu p y  a key  ro le  in  th e  w ork  d e sc r ib e d  in  th is  th e s i s ,  [Schem e 2 ].
T h e  [3+2]-cy c lo ad d itio n  re a c tio n  f re q u e n tly  em bodies a h ig h  d e g re e  of 
reg iochem ical a n d  s te reo ch em ica l co n tro l a n d  th e  N-O b o n d  of (2) c a n , 
in m ost c a se s , b e  easily  c leav ed .
( 1) ( 2 )
Scheme 2
T he e a r l ie s t  exam ple of a [3+2]-c y c lo a d d itio n  in v o lv in g  a n itro n e
w as d e sc r ib e d  in  1890. B eckm ann‘S re p o r te d  th a t  a 1 :1  a d d u c t w as
fo rm ed  w hen an a ry l  iso cy an a te  was h e a te d  in th e  p re s e n c e  o f a n it ro n e .
D esp ite  th is  im p o rtan t r e s u l t ,  d e sc r ib e d  n e a r ly  a c e n tu ry  ag o , th e
cy c lo ad d itio n  re a c tio n s  of n itro n e s  w ith  a lk en es  w ere r e p o r te d  only
3
re la tiv e ly  re c e n tly .  T he b r il l ia n t w ork of H u isgen  in  th e  e a r ly  1960’s
viii
h e lp e d  to  e s ta b l is h  th e  sco p e  a n d  ap p lica tio n s  of 1 ,3 -d ip o la r  cyc loadd ition  
r e a c t io n s ,  in c lu d in g  th e  in te r  m olecular [3 + 2 ]-cy c lo ad d itio n s  of n itro n e s  to 
a lk en es*  T h e  p a r tic ip a tio n  o f n i t ro n e s  in  1 ,3 -d ip o la r  cy c lo ad d itio n s  as 
p a r t  o f  n a tu r a l  p ro d u c t  s y n th e s is  h a s  b een  re v ie w e d  up  to  th e  la te  1970's 
M ore r e c e n t  exam ples will b e  d is c u s s e d  la te r  in  th e  In tro d u c t io n .
2* T h e  M echanism  o f 1 ,3 -D ip o la r C y c lo ad d itio n  R eac tio n s  of N itro n es
a d d itio n s  o f  n i t ro n e s  to  d ip o la ro p h ile s  e x h ib it  sm all a c tiv a tio n  e n e rg ie s  
a n d  la rg e  n e g a t iv e  a c tiv a tio n  e n t ro p ie s ,  s u g g e s tin g  th a t  th e  d ip o la r 
cy c lo ad d itio n  p ro c e s s  p ro c e e d s  v ia  a  s in g le  s t e p ,  fo u r  c e n t r e ,  c o n c e rte d
T h e  13+2]-d ipo lar cy c lo ad d itio n  re a c tio n  of a n it ro n e  to  an olefin
i s  a n  o rb ita l  sym m etry -a llow ed  [nr S + ir S] p ro c e s s .  In  g e n e ra l,  th e
p a s s in g  th ro u g h  th e  h ig h ly  o rd e re d  tra n s i t io n  s ta te  (3)m echanism
R R R
(3 ) (4) (5 )
XDipole Dipolarophile
Dipolarophile Dipole Dipolarophile Dipole
Type IType EType I
Scheme 3
xi
im p o rta n t in  d e term in ing  r e a c tiv i ty  an d  re g io c h e m is try . T he dom inant 
in te ra c t io n  in any  p a r t ic u la r  case  will d ep en d  on th e  n a tu re  of b o th  th e  
d ipole  an d  d ip o la ro p h ile . Schem e 4 i l lu s tr a te s  th e  cy c lo ad d itio n  of 
N -m e th y l-C -p h e n y l n itro n e  (6) w ith  an e le c tro n - r ic h  d ip o la ro p h ile  
(p ro p en e) and  an e le c tro n -d e f ic ie n t d ipo laroph ile  ( n i t r o e th y le n e ) .
Me Me






C ycloaddition  of (6) w ith  p ro p e n e  is  dom inated  by  th e  LUMO- 
(d ipo le)-H O M O (dipo laroph ile) in te ra c tio n  = 9 .48 eV) as  opp o sed  to
th e  HOMO (dipole )-LUMO (d ip o la ro p h ile ) in te ra c tio n  (AE = 10.38 eV ).
In  c o n t ra s t ,  cycloadd ition  of (6) w ith n itro e th y le n e  is  dom inated  by  th e  
HOMO( dipole)-L U M O (dipo laroph ile) in te ra c tio n  ( A E ^  = 7 .9  eV ).
R eg io se lec tiv ity  in  n itro n e  cy c lo ad d itio n s  is d e te rm in e d  by  th e  
re la t iv e  m agn itude  of th e  atomic o rb ita l co e ffic ien ts  in  each  of th e  
f ro n tie r  m olecular o rb ita ls .  T he FMO ap p rox im ation  s ta te s  th a t  th e  
dom inan t s tab ilis in g  in te ra c tio n  in  th e  tra n s i tio n  s ta te  in v o lv es  o v erlap  
of th o se  o rb ita ls  w ith  th e  la rg e s t  co effic ien ts  ( s iz e ) .  O nly th e  atomic 
o rb ita l  co effic ien ts  a t th e  c e n tre s  th a t  becom e in v o lv ed  in  in te rm o lecu la r 
b o n d  form ation n eed  be  co n s id e re d . T h is  is  r e p r e s e n te d  in  Schem e 5 
fo r  th e  cyc loadd ition  of n itro n e  (6) w ith  an e le c tro n - r ic h  d ip o la ro p h ile , 
v in y l m ethy l e th e r .
T he dom inant in te ra c tio n  is  LUMO( dip o le ) -HOMO (d ip o la ro p h ile ) 
a ffo rd in g  th e  5 -s u b s t i tu te d  iso x azo lid in e . F or v e ry  e le c tro n -d e f ic ie n t 
d ip o la ro p h ile s , su ch  as n itro e th y le n e , th e  dom inant in te ra c t io n  inv o lv es  
HOMO( d ip o le ) -L U M O (d ip o laroph ile ) lead in g  to 4 - s u b s t i tu te d  iso x azo lid in es , 
[Schem e 6 ].
FMO th e o ry  ra tio n a lise s  th e  ex p erim en ta lly  o b s e rv e d  r e s u l t s  for
1 ,3 -d ip o la r  cyc loadd itions of n itro n e s  w ith  b o th  e le c tro n - r ic h  a n d  e le c tro n -  
d e f ic ie n t m o n o su b s titu ted  o lefins i .e .  (i) e le c tro n -d e f ic ie n t mono­
s u b s t i tu te d  o lefins a re  more re a c tiv e  to w ard s  n it ro n e s  th a n  th e i r  e le c tro n -  
r ic h  c o u n te rp a r ts ;  (ii) 1 ,3 -d ip o la r  cyc lo ad d itio n s  of n it ro n e s  to  












HOMO 4-S u b stitu ted  
Isoxazolidines
Scheme 6
iso x azo lid in es; (iii) 1 ,3 -d ip o la r cy c lo ad d itio n s  of n it ro n e s  to  v e ry  
e le c tro n -d e f ic ie n t m o n o su b s titu ted  o lefins g ive  4 - s u b s t i tu te d  iso x azo lid in es .
cy c lo ad d itio n s  of ch ira l n itro n e s  p ro cee d  v ia  d ia ste reo iso m eric  m ix tu re s  of
2, 3 ,5 - s u b s t i tu te d  iso xazo lid ines. For exam ple, th e  asym m etric  sy n th e s is
26
of 3~amino acids o u tlin ed  by  Moffat p ro c e e d s  v ia  an  in se p a ra b le  
m ix tu re  of fo u r non-racem ic  d ia s te reo m ers  as d e s c r ib e d  e a r l ie r  in th e  
Sum m ary (p .||j ) .
of c h ira l n itro n e s  w ith v a rio u s  m o n o su b s titu ted  o le fin s . F o r exam ple, 
th e  c h ira l C - p h e n y l - N - (S )-a -m e th y lb e n z y l n it ro n e  (7) r e a c te d  w ith  
s ty r e n e  to  give a m ix tu re  of fo u r n o n -racem ic  d ia s te reo m e rs  (8 A ,B ,C ,D )  
in  a ra tio  of 7 6 :1 1 :8 :5  re sp e c tiv e ly , [Schem e 7 ],
3. T he C ycloadd ition  of C h ira l N itro n es  to  P ro c h ira l A lkenes
T he m ajority  of asym m etric s y n th e s e s  in v o lv in g  1 ,3 -d ip o la r
9












































S ince  (8 A ,B ,C ,D )  could be  s e p a ra te d  as p u re  com pounds, th e ir  abso lu te  
c o n fig u ra tio n s  could  be d e te rm in e d . T he h y d ro g e n o ly s is  of th e  cis 
d ia s te reo m e r (8A) gave (S ) - ( - ) - l ,  3 -d ip  h e n y lp ro p a n - l-o l  (9) in  92% 
o p tica l p u r i ty ,  [Schem e 8 ], S im ilarly th e  h y d ro g e n o ly s is  of th e  t r a n s  
d ia s te reo m e r (8C) gave (R )-  ( + ) - ! ,  3 -d ip  h e n y lp ro p a n - l-o l .
HO





T h ese  r e s u l ts  c lea rly  show ed th a t  m o n o su b s titu te d  a lk en es  
r e a c t  w ith  ch ira l n itro n e s  su ch  as (7) to  g ive a m ark ed  e x c e ss  of th e  
c is  isoxazo lid ines  and  a c lear ex ce ss  of one of th e  d ia s te re o m e rs  in each 
cis a n d  t r a n s  p a ir .  A ssum ing th a t  th e re  was no E-Z isom erisa tion  of 
( 7 ) ,  th e  d ia s te reo m ers  (8 A ,B ,C ,D ) w ere form ed as a r e s u l t  of th e  
a p p ro a c h  of re a g e n ts  in an exo or endo  m anner as well as r e  o r si
xvii
face  a t ta c k  a t th e  p ro c h ira l o le fin . T he  ra tio  of th e  sum of cis (A+B) 
to  th e  sum of t r a n s  (C+D) can b e  a c c e p te d  as a m easu re  of th e  s te re o -  
sp e c if ic ity  of th e  cycloadd ition  w h ereas  th e  ra tio s  A :B  an d  C :D  a re  a 
m e asu re  of th e  d ia s te re o s e le c tiv ity .
C h a p te r  2 d e sc r ib e s  th e  a n a ly s is  of su c h  a m ix tu re  of 
d ia s te reo m e ric  iso x azo lid in es .
4. T he  A sym m etric S y n th e s is  of N a tu ra l P ro d u c ts  v ia  1 ,3 -D ip o la r 
C ycloadd itions  of C h ira l N itrones
In re c e n t y e a rs  th e  app lica tio n  of n itro n e -o le f in  cy c lo ad d itio n  
re a c tio n s  to  n a tu ra l p ro d u c t sy n th e s is  h as  b een  an  a re a  of in te n s e  
a c t i v i t y M o r e o v e r ,  th e  u se  of c h ira l n it ro n e s  in  su c h  re a c tio n s  h as  
p ro v e d  to  be  an  e ff ic ien t m eans of co n tro llin g  th e  s te re o c h e m is try  in  th e  
fin a l p ro d u c t .
A h ig h ly  d ia s te re o se le c tiv e  s y n th e s is  of th e  amino s u g a r ,  
d au n o sam in e  (13) h as  b een  ach iev ed  b y  De S h o n g , [Schem e 9 ]. 
C y c loadd ition  of n itro n e  (10) w ith  e x c e ss  e th y l v in y l e th e r  gav e  a s in g le  
a n ti- iso x a z o lid in e  (1 1 ). S ince two new  asym m etric  c e n tre s  w ere  
g e n e ra te d  a t C -3  an d  C -5 , th e  form ation of fo u r  n o n -racem ic  d ia s te re o ­
m ers was p o ss ib le . C o n seq u en tly  n itro n e  (10) d isp la y ed  com plete 
s te re o s e le c tiv ity  i . e .  e th y l v in y l e th e r  c y c lo -a d d e d  ex c lu s iv e ly  to  one 
d ia s te re o to p ic  face of (10) in th e  endo tra n s i t io n  s ta te ,  [Schem e 10]. 
S u b s e q u e n t re d u c tiv e  cleavage of th e  N -0  b o n d  of (11) follow ed by  
rem oval of th e  ace to n id e  p ro te c tin g  g ro u p  re le a s e d  th e  $—amino a ld eh y d e





P h C I^ N ^ - —
Scheme 10
N itrone (10) d isp lay ed  dia s te re o  facial s e le c tiv ity  in  re a c tio n s  
w ith  o th e r  d ipo laroph iles  such  as v in y l a c e ta te . D ipo la r cyc lo ad d itio n  
of (10) to  v in y l a ce ta te  y ie ld ed  two cy c lo ad d u c ts  (14) a n d  (1 5 ) , epim eric 
o n ly  a t  C -5  in a ra tio  of 1 :4 , r e s u lt in g  from ad d itio n  to  one face  of th e  
n i t r o n e ,  [Schem e 11].
W ovkulich an d  U sk o k o v ic ^  h ad  e a r l ie r  a ch iev ed  an  asym m etric 
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T h e  c h ira l n itro n e -e n o l e s te r  (16) u n d e rw en t in tram o lecu la r cyc loadd ition  
to  g ive  th e  isoxazo lid ine (17) as th e  major p ro d u c t.  R ed u c tio n  of (17), 
fo llow ed b y  p ro te c tio n  of th e  amine gave th e  lac tone carb am ate  (18) w hich 
w as re a d ily  e la b o ra te d  to  daunosam ine (13).
T he asym m etric s y n th e s is  of a-am inophosphonic a c id s ,  analogs
12of a-am ino a c id s , have  been ach ieved  by  V asella , em ploying a new  c lass  
of n i t r o n e s ,  C -p h o sp h o n o n itro n e s .
T he N -g ly co sy l-C -d im eth o x y p h o sp h o n o y l n it ro n e  (19) re a c te d  
w ith  e th y le n e  to  g ive th e  cycloaddition  p ro d u c ts  (20) an d  (21) in  th e  
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(19) (20) R1=P03 Me2 , RlH
(21) rS=H, R=P03 Me2
Scheme 13
T h e  cycloadd ition  p ro d u c t (20) was tra n s fo rm e d  in to  th e  f re e  
am inophosphon ic  ac id s  (2 2 ), (2 3 ), (24) a n d  (2 5 ) , an a lo g s o f L -5 -o x a -  
p ro lin e , L -h o m o serin e , L -a s p a r t ic  ac id  an d  L -a s p a ra g in e , [Schem e 14].
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H°2C— v po H H2N0C• ^ > P 0 3 H2 
H2NT '"H H 2 N '  ' ' H
(24)
Scheme 14
13T he same a u th o rs  have  ap p lied  th e  above  m ethodology to  th e  
asym m etric  s y n th e s is  of L -5 -o x ap ro lin e  (2 6 ), an analog  of c a p to p ril  (27 ), 
w hich  is  a specific  in h ib ito r  of th e  A n g io te n s in -C o n v e rtin g -E n zy m e  




T he u se  of a c a rb o h y d ra te  m oiety as a c h ira l a u x ilia ry  h a s  also 
14b e e n  u ti l is e d  by  K ibayash i in an  asym m etric s y n th e s is  of negam ycin  
(3 3 ) , a p e p tid e - lik e  n a tu ra l p ro d u c t w hich e x h ib its  s tr ik in g  a c tiv ity  
a g a in s t  G ram -n eg a tiv e  b a c te r ia , [Scheme 15]. T he n it ro n e  (28) u n d e r ­
w en t d ip o la r cycloaddition  w ith N -ben zy l allylam ine to  p ro d u c e  an 
in s e p a ra b le  m ix tu re  of th e  3(R) ,5(R) - t r a n s  a d d u c t (29) an d  th e  3 (S ) ,5 (R ) -  
c is  a d d u c t (3 0 ). Removal of th e  ch ira l a u x ilia ry  follow ed b y  N -b e n z y l-  
a tio n  a n d  re d u c tio n  fu rn is h e d  th e  ch rom atog raph ica lly  se p a ra b le  t r a n s  
alcoho l (31) an d  cis alcohol (32) in a ra tio  of 2 :3 . A lcohol (31) was 
c o n v e r te d  in to  (+ )-negam ycin  in six  s te p s .
P e rh a p s  of m ost top ical in te re s t  is  th e  asym m etric  s y n th e s is  
of k ey  in te rm e d ia te s  to  th e  carbapenem  a n tib io tic s , th ienam ycin  (34) an d
15_ 18
i t s  1 3 -m ethy l analog (35) .
CH2 NHCBZ XXV







(BO) R=C0 2 M e,RlH
CH2 NHCBz
R1 (31) R=H, R=CH2OH
J  . r t l , r 2 . ,° XN ^ " R 2  
CH2 Ph (32) R=CH2 0H,R=H
six i 1 II







o m r L r^ h
(35) R^Me.RrH
15aK am etani h a s  s y n th e s is e d  th e  b icy c lic  $ -k e to  e s te r  (3 9 ) ,
w h ich  h a s  been  shown to b e  an  a p p ro p r ia te  p r e c u r s o r  fo r th e  s y n th e s is  
16of th ien am y c in , [Schem e 16]. Isoxazo lid ine  (37) was th e  sole isom er 
o b ta in e d  from th e  cycloadd ition  of n itro n e  (36) to b e n z y l c ro to n a te . 
Iso x azo lid in e  (37) p o sse sse d  th e  d e s ire d  s te re o c h e m is try  fo r th e  s y n th e s is  
of (3 9 ) . H ydrogenation  of (37) gave a |3-hydroxy-(3-am ino ac id  w hich 
co u ld  be  cy c lised  to  g ive th e  aze tid in o n e  (38) w hich w as re a d ily  
c o n v e r te d  in to  th e  th ienam ycin  p r e c u r s o r  (3 9 ).
A lthough  th ienam ycin  is  a p o te n t b ro a d  sp ec tru m  a n tib io tic , it 
s u f f e r s  th e  d isa d v a n ta g e  of b e in g  chem ically u n s ta b le  a n d  re a d ily  
m etab o lised  b y  re n a l d e h y d ro p e p tid a s e -I  (D H P -I). F o r th is  re a s o n , much 
em phasis  h as  re c e n tly  been  p laced  on th e  asym m etric  s y n th e s is  of 1 $-
17 jo
m e th y l th ienam ycin  ( 35) ,  ’ w hich show s a v e ry  s u b s ta n tia l  in c re a se  in
s ta b i li ty  o v e r (34).
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.17K am etani h as  s y n th e s is e d  th e  know n c h ira l in te rm e d ia te  (45) 
from  th e  isoxazo lid ine (4 1 ), p re p a re d  b y  th e  1 ,3 -d ip o la r  cyc lo ad d itio n  of 
n i t ro n e  (40) w ith b en zy l c ro to n a te , [Schem e 17]. E x ch a n g e  of th e  
t^ b u ty ld im e th y ls ily l g ro u p  of (41) w ith  an  ace to x y  g ro u p  gave  isoxazo ­
lid in e  (4 2 ) , w hich was h y d ro g e n a te d  an d  cy c lised  to g ive  th e  $-lactam  
(4 3 ) . P ro tec tio n  of (43) as th e  TBS e th e r  gave (4 4 ) , w hich  was easily  
c o n v e r te d  to  th e  p rim ary  ca rb in o l (4 5 ) .
The in te rm ed ia te  (45) h as  also  b een  s y n th e s is e d  v ia  in t r a -












s t e p s (45)
Scheme 18
X X X
C y cloadd ition  of n itro n e  (46) in re f lu x in g  t-am y l alcohol a f fo rd e d  iso x a­
zo lid ine (47) as a s ing le  s te reo isom er w hich was e la b o ra te d  in  s ix  s te p s  
to (45 ).
C h a p te r  2 d e sc r ib e s  th e  f i r s t  asym m etric  s y n th e s is  o f 3- ly s in e , 
th e  most w idely s tu d ie d  of all th e  n a tu ra l ly -o c c u r r in g  3- amino a c id s . 
C h a p te r  3 d e sc r ib e s  an asym m etric ro u te  to th e  com m ercially im p o rtan t 
d ip e p tid e  a rtif ic ia l sw e e te n e r, a sp a rta m e . T he a p p ro p r ia te  in tro d u c tio n s  
to  th e se  to p ic s  a re  co n ta in ed  w ithin  th e  re le v a n t  c h a p te r s .
A ld o n itro n es :
CHAPTER 1
S y n th e s is  an d  S t r u c tu r e
11 .1  SYNTHESIS OF ALDONITRONES
T he co ndensa tion  of N -m o n o su b stitu ted  h y d ro x y lam in es  w ith
a ld e h y d e s  is  th e  most g e n e ra l a n d  e ff ic ien t m ethod fo r th e  p re p a ra t io n  of
, ,  19,20a ld o n itro n e s .
N -b en zy lh y d ro x y lam in e  (49), r e q u ir e d  fo r th e  s y n th e s is  of
N -b e n z y l n i t ro n e s ,  was p re p a re d  by  c y a n o b o ro h y d rid e  re d u c tio n  of
21benzaldox im e (48 ), [Schem e 19].
(48)
^ V ^ N H O H
(49)
Scheme 19
T h e  ch ira l b en zy lic  n itro n e s  u se d  in  th e  asym m etric  s y n th e s e s  
d e s c r ib e d  in C h a p te rs  2 an d  3 r e q u ire d  th e  s y n th e s is  of o p tica lly  p u re  
(R ) o r (S ) - a-m e thy lbenzy lhyd roxy lam ine  (5 0 ), [(R ) form  sh o w n ].
HOHN' ! ^Me 
H
(50)
T he hydroxy lam ine (50) was conv en ien tly  p r e p a re d  in  good 
y ie ld  b y  th e  m ethod of Polonski an d  Chim iak, 2 2 , 23 [Schem e 20].
gMe0C6 H4-CH0 + H2 N-R ---- *  pMeOC6 H4-CH=NR
(51) (52) (5 3 )
[R=(R)-PhCHMe]
b y  re a c tio n  w ith  p -a n isy l a ldehyde  (5 1 ). Im ine (53) was o x id ise d  to th e  
c o r re s p o n d in g  oxaz irid in e  (54) by  the  action  of m -ch lo ro p erb en zo ic  ac id . 
O x a z ir id in e  r in g  cleavage was e ffec ted  by  hyd roxy lam ine  h y d ro c h lo r id e  
u n d e r  v e ry  mild conditions to ob ta in  (50) an d  th e  oxime (5 5 ). T h is  
p ro c e s s  is  e ffec tiv e ly  an in d ire c t oxidation  of th e  op tica lly  p u r e  s ta r t in g  
am ine (5 2 ). T he hydroxylam ine was co n v e rte d  to th e  c ry s ta l l in e  oxala te  
s a lt  (56) by  trea tm e n t w ith one eq u iv a len t of oxalic ac id  in d ie th y l e th e r .
gMeOC^fy-CH— N-R 
(54)
(50) + pMe0C6 H4-C H =N 0H
(55)
Scheme 20
T he op tica lly  p u re  amine (52) was c o n v e rte d  to  th e  imine (53)
3Ph
(OH]




T he r e q u ire d  n itro n e s  (57) w ere easily  p r e p a re d  b y  th e  reac tio n  
o f a p p ro p r ia te  a ld eh y d es  w ith (49) o r (56) [p lu s  one e q u iv a le n t of 
tr ie th y la m in e ]  in  d ichlorom ethane a t  room te m p e ra tu re , [Schem e 21],
(49) H^ / R
o r  +  Y  ---------- .  j f  ( 5 7 )




R= alkyl, aryl, alkoxycarbonyl
Scheme 21
41* 2 STRUCTURE OF ALIPHATIC ALDONITRONES
W hereas the  s te reo c h em istry  an d  ste reochem ica l s ta b ili ty  of 
a ro m atic  a ld o n itro n es  has been  e x te n s iv e ly  in v e s t ig a te d , th e ir  a lip h a tic  
c o u n te r p a r ts  have been  la rg e ly  n e g le c te d . B o y d 2^ h a s  em ployed n u c le a r  
O v e rh a u s e r  d iffe re n ce  sp ec tro sco p y  (NOEDS) to  e s ta b l is h  th e  t r a n s  




T he phenom enon of Z ^  E isom erisa tion  in  arom atic  a ld o n itro n es
h a s  b een  s tu d ie d  an d  b a r r ie r s  fo r ro ta tio n  ab o u t th e  C=N b o n d  h av e  been
25c a lc u la te d  fo r se v e ra l exam ples. T h e se  s tu d ie s  re v e a l th a t  E-Z arom atic 
a ld o n itro n e s  show co n siderab le  co n fig u ra tio n a l s ta b ility  com parab le  w ith  
th a t  of k e to n itro n e s .
P re v io u s ly , i t  h as  been  assum ed  th a t  a lip h a tic  a ld o n itro n e s  e x is t 
in  th e  Z co n fig u ra tio n  by  analogy w ith th e ir  arom atic  c o u n te rp a r ts .  
R e c e n tly  M offat26 has ap p lied  NOEDS a n a ly s is  to  s e v e ra l a lip h a tic  
a ld o n itro n e s  e .g .  N -b en zy l-C -iso p ro p y l n it ro n e , (5 9 ).
5(59)
I r r a d ia t io n  of th e  N -b en zy l p ro to n s  p ro d u c e d  a s ig n if ic a n t s ig n a l 
en h an c em en t fo r th e  v in y l p ro to n  H b u t  on ly  a n eg lig ib le  s ig n a lcl
en h an c em en t fo r th e  m ethine p ro to n  Hc an d  fo r th e  m e th y l p ro to n s .
T h e se  r e s u l t s  confirm ed th a t n itro n e  (59) e x is ts  in th e  e x p e c te d  Z 
c o n f ig u ra tio n . P ro lo n g ed  h ea tin g  of (59) in to lu en e  a t  80°C show ed no 
iso m erisa tio n  to th e  E -n itro n e .
1 .3  STRUCTURE OF N-ALKYL-a-ALKOXYCARBONYL NITRONES
I t  h as  been  shown th a t  N -a lk y l-a ra lk o x y c a rb o n y l n i t ro n e s  e x is t
27in  so lu tio n  as b o th  Z an d  E isom ers a t room te m p e ra tu re . In o y e  h a s  
show n th a t  n itro n e  (60) c lea rly  d isp la y s  two s e ts  of s ig n a ls  in  th e  
n m r sp e c tru m  (100 MHz) in  CDC&3 a t tr ib u ta b le  to Z a n d  E geom etric  
is o m e rs .
6PhCH2 — N==CHC02 Mg 
0 "  
(60)
T h e  o lefin ic  p ro to n s  a re  c learly  re c o g n ise d  a t 6 6 .76 fo r  th e  isom er an d
6 7 .06  fo r  th e  E isom er. The s ignal a t h ig h e r  fie ld  is  a s s ig n e d  to  th e  Z_
28isom er of (60) b y  analogy  w ith S -ox id es  an d  oxim es w h ere  th e  a n t i­
p ro to n  is  alw ays a t  h ig h e r  field  th a n  th e  s y n -p ro to n . T he  E-Z ra tio  
v a r ie s  d ra s tic a lly  w ith th e  so lv en t. In  n o n -p o la r  so lv e n ts  th e  E isom er 
p re d o m in a te s , while in p o la r so lv e n ts , th e  Z_ isom er p re d o m in a te s .
C h ira l N -alky l-o t-a lkoxycarbony l n itro n e s  h av e  b een  u s e d  in
9v a r io u s  asym m etric  s y n th e s e s .  B elzecki, h a s  in v e s t ig a te d  th e  cyclo­
a d d itio n  re a c tio n s  of n itro n e s  b ea rin g  a ch ira l s u b s t i tu e n t  a t th e  c a rb o n  





7N itro n e s  of th is  ty p e  e x h ib it only m oderate s te re o se le c tiv ity  in cyclo - 
a d d itio n s  w ith s ty re n e  an d  re la te d  d ipo lar op h i le s .
C h a p te r  3 d e sc r ib e s , fo r th e  f i r s t  tim e, th e  u se  of C -c a rb o x y  
a n d  C -carbam ido  n it ro n e s ;  e .g .  th e  n itro n e s  (117a) a n d  (119a) w ere k ey  
in te rm e d ia te s  in  th e  asym m etric sy n th e s is  of th e  a r tif ic ia l sw e e te n e r , 
a sp a r ta m e  (d e ta ile d  d iscu ss io n  in  C h a p te r  3 ).
(117a) (119a)
In  c o n tra s t  to  th e ir  C -a lk o x y carb o n y l c o u n te r p a r ts ,  th e  n itro n e s
(117a) a n d  (119a) w ere b o th  show n to e x is t as s in g le  geom etric  isom ers a t
13room te m p e ra tu re  in  ch loroform . T h is  was c lea rly  show n b y  th e ir  C 
a n d  nm r (200 MHz) s p e c tra .  T he n itro n e s  (117a) a n d  (119a) w ere 
a ssu m ed  to  e x is t a s  th e  _Z isom er b y  com parison  of th e  chem ical s h if t  
v a lu e s  of th e  benzy lic  p ro to n s  in th e  nm r (200 MHz) s p e c tra  w ith  th o se  
of C -a lk y l-N -b e n z y l a liphatic  a ld o n itro n es  of know n Z c o n f ig u ra tio n . One 
p o ss ib le  ex p lan a tio n  of th is  phenom enon w ould b e  th e  e n h a n c e d  s ta b ili ty  of 
th e  Z n it ro n e  a c q u ire d  v ia  h y d ro g en  b ond ing  of th e  O-H o r N-H p ro to n s  
w ith  th e  oxygen  atom of th e  n itro n e , [Schem e 22],
(117a) X =0  
(119a) X = P h \  
s 
Me0 2 C ^ ^ N -  
Scheme 2 2
S ig n ifican tly , th e  C -carbam ido  n itro n e  (119a) e x h ib ite d  u se fu l 
s te re o se le c tio n  in  th e  1 ,3 -d ip o la r cyc loadd ition  re a c tio n  w ith  2 -ch lo ro - 
a c ry lo n itr i le  (C h a p te r  3 ).
CHAPTER 2
E n an tio se lec tiv e  S y n th e s is  of O p tica lly  P u re  
(R )-  a n d  (S )~ 3 -L ysine  v ia  N itro n e  
C ycloaddition  to V inyl A ce ta te
92 .1  BACKGROUND
3~Lysine (62) is  u n d o u b te d ly  th e  m ost w idely s tu d ie d  of all th e
n a tu ra l ly  o c c u rr in g  $~ainino a c id s . I t  was f i r s t  iso la te d  in  1951 by  
_ 29 r
C a r te r  from s tre p to th r ic in  F (64A ), one of a la rg e  fam ily of b ro a d -  
sp e c tru m  a n tib io tic s  p ro d u c e d  by  S trep to m y ces s p e c ie s . T h e  s tr e p to -
th r y c in s  (64) form an homologous se rie s  w ith up to sev en  3_ly s in e
30 31r e s id u e s  lin k ed  in a p ep tid e  ch a in . In  1952, H askell iso la te d  a basic
am ino ac id  from th e  acid  h y d ro ly sa te  of viom ycin (6 3 ), a tu b e rc u lo s ta t ic
a n tib io tic  p ro d u c e d  by  S trep tom yces f lo rid ae . T h is  "new" amino acid
w as show n to be isom eric w ith ly sin e  an d  was id e n tica l to  th e  amino ac id
29p re v io u s ly  iso la ted  by  C a r te r .
T he s t r u c tu re  and  s te reo c h em is try  of n a tu ra lly  o c c u rr in g
3 - ly s in e  was e s ta b lish e d  as (3 S ) - (+ ) -3 ,6  d iam inohexanoic ac id  in  1953 
32b y  V an Tam elen, who sy n th e s is e d  (3 S ) -3 “ly s in e  b y  A rn d t-E is te r t
hom ologation of ( 2 S )-o rn ith in e  (6 5 ), [Schem e 23].
T he 3_ly s in e  o b ta in ed  by  th is  ro u te  w as fo u n d  to  be  id e n tic a l
33w ith  th a t  o b ta in ed  from s tre p to th r ic in  F . Y onehara  a n d  O take  h av e
s in c e  show n, b y  ORD, the  (3 S )-co n fig u ra tio n  to be  th e  n a tu ra l  form  of
343 - ly s in e . In  1971, Taniyam a iso la ted  an d  c h a ra c te r is e d  racem om ycins
A , B , C an d  D (R-A  = s tre p to th r ic in  F) from a m u tan t s tra in  of
S tre p to m y c e s  race m o ch ro g en u s , w hich w ere found  to co n ta in  o n e , tw o,
34th r e e  a n d  fo u r 3- ly sine  re s id u e s  re s p e c t iv e ly . Taniyam a h a s  claim ed 
th a t  th e  b iological p ro p e r tie s  of th e  s t r e p to th r ic in s , su c h  a s  a n tiv ira l  
a c t iv i ty  an d  acu te  to x ic ity , become more p ro n o u n c e d  a s  th e  n u m b er of 






r1= -n h c o n h 2
R2 =H2 N(CH2 )3 CHCH2 C0 '
n h 2
OH
CH2 OCONH2  n
(64)
steptothricins F[(64A)], 
E ,D ,C ,B ,A  andX  
respectively.










R ea g e n ts : - ( i )  Phthalic anhydride, (ii) (COCl^, (iii) CH2N2 , 
(iv) A g t)2CC6H5 / (v) NH2NH2 , H30 +
Scheme 23
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from  th e  ac id  h y d ro ly sa te  of lysinom ycin35 ( 66) , a new  am inoglycoside 
a n t ib io t ic .
(|IH2 
COCH2 CH(CH2 )3 NH2
(66)
T he b io sy n th e s is  of s tre p to th r ic in  F (64A) h as  b e e n  e x te n s iv e ly
36 3 7s tu d ie d  b y  G ould an d  A b e rh a r t. , T h ese  a u th o rs  have  o b ta in ed
13sp e c if ic  in c o rp o ra tio n  of [1 ,2 -  C^] ace ta te  (67) in to  th e  $ - ly s in e  p o rtio n
of (64A) in  S trep to m y ces L - 1689-23, [Scheme 24].
T he  labelling  p a t te rn  in th e  $ -ly sin e  u n it of (64A) w as ex p la in ed  
b y  in c o rp o ra tio n  via rea rran g e m en t of a -ly s in e  (72 ), p ro d u c e d  b y  th e  
diam inopim elic ac id  (DAP) pathw ay , [Scheme 25]. T he sp in  coup ling  
of C -17  to b o th  C-16 an d  C-18 re s u lte d  from d eca rb o x y la tio n  of m eso-
13
13 13H3 C— COOH
Scheme 24
DAP (7 1 ) , p ro d u c e d  via ep im erisation  of (2S ,6S ) DAP (70) w hich  w as in
tu r n  d e r iv e d  from p y ru v ic  acid  ( 68) a n d  a sp a r tic  ac id  (69 ).
T he m echanism  an d  s te reo c h em istry  of th e  co n v e rs io n  of
ot-lysine to  3- ly s in e , w hich is  ca ta ly sed  by  th e  enzym e ly s in e  2 ,3 -am ino-
m u ta se , h av e  been  in v e s tig a te d  in spec ies  of th e  g en e ra  S tr e p to m y c e s ^ *^
38 39(a s  p a r t  of th e  s tre p to th r ic in  F molecule) an d  in C lo s tr id ia . '
(3 S )-3 -L y s in e  is  th e  f i r s t  in term ed iate  in th e  an ae ro b ic  catabolism  of
( 2 S ) -a - ly s in e  in C lo s tr id ia , w hich te rm in a tes  in  th e  fo rm ation  of b u ty r ic
a c id , a ce tic  ac id  an d  ammonia.
38 39A b e rh a r t  ' h as  e luc ida ted  th e  s te re o c h e m is try  of th e  ly s in e
2 ,3 -am inom utase  reac tio n  in C lostridium  sub term inale  s tra in  SB 4.
2
D eu te riu m  lab e llin g  an d  H nm r w ere u se d  to show th a t  th e  tran sfo rm a tio n
14
H1|C — C02H
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(62) (62)




of ( 2S) oHLysine (72) to  (3S) 3—ly s in e  (62) p ro c e e d s  w ith  in v e rs io n  of 
c o n fig u ra tio n  a t  b o th  C -2  a n d  C -3 , [Schem e 26]. T h e  3 -p ro — (R ) h y d ro g e n  
o f  a - ly s in e  (*) becom es th e  2 -p ro -(R ) h y d ro g e n  of 3 - ly s in e . T h e  





38 39A b e rh a r t  '  h a s  a lso  show n th a t ,  in  C , S B 4 , am ino g ro u p
t r a n s f e r  o c c u rs  com pletely in tram o lecu larly  a n d  th a t  h y d ro g e n  m igration
is  s u b s ta n tia l ly  o r  com pletely in te rm o lecu la r. I t  h a s  a lso  b e e n  show n
t h a t  t h e  gfe^eochpm ist r y  o f th e  ly s in e—2 ,3 —am inom utase re a c tio n  is
36,37ifilCTTiiHiir^ l m\ S trep to m y ces  spec ies  a n d  C lo s tr id ia . *
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2 .2  ASYMMETRIC SYNTHESES OF g-AMINO ACIDS
In  p re v io u s  asym m etric sy n th e se s  of $-am ino a c id s , th e  new  
c h ira l  c e n tr e  a t  th e  (3-carbon was g e n e ra te d  b y  h y d ro g e n a tio n  of
g e n e ra lly  b een  below  20%.
4 3
A chiw a h a s  d e sc rib e d  th e  ca ta ly tic  asym m etric  h y d ro g e n a tio n  
of m e th y l ( Z )-3 -ace ty lam in o p ro p -2 -en o a tes  to g ive  c h ira l am ino e s te r s  in 
en an tio m eric  e x c e sse s  of 3-55% u sin g  th e  c h ira l rhod ium  b isp h o sp h in e  
com plex  (7 3 ), [Schem e 27].
H3 CCONH C02Me H3 CCONH u
/ ^ PPh2 \W O N T  )Rh(S)Cl
/CH2 PPh2  
(73) 
R= alkyl, aryl
42 43 2a , $ -d eh y d ro -(3 _amino e s te r s  ’ or b y  nucleoph ilic  a d d itio n  a t  sp




Baldw in h as  e s ta b lish e d  an asym m etric ro u te  to a - a n d  
s u b s t i tu te d  3-am m o ac id s  (77) v ia c h ira l isoxazo lid inones (7 6 ), 
[Schem e 28] .
r2  C02 Me R2  c 0 2Me B2  R1
n h 2  c o 2h
(77)
(i) R4 NH0H ; (ii) Lf(SiMe3 )2 N~; (iii) Pd/C/H2
R1 R2  R3  R4
Me H H (S)-PhCHMe
H C02Me H (S)-PhCHMe
H H Me (S)-PhCHMe
r3 r1 R4 Nn  R1 R4 N
OH
(74) (75)
R2  r 1





T h e  c h ira l  iso x azohd inones (76) w ere p re p a re d  b y  co n ju g a te  a d d itio n  of a 
c h ira l  h y d ro x y lam in e  to  an  a , B -u n sa tu ra te d  e s te r  (74) follow ed b y  
c y c lis a tio n  o f th e  r e s u lt in g  a d d u c ts  (75) u s in g  lith ium  b is (  tr im e th y ls ily  1) 
am id e . H y d ro g en a tio n  o f (76) invo lved  N—O b o n d  c leav ag e  a n d  rem oval 
o f th e  c h ira l  a u x ilia ry  to  g ive  th e  jB-amino a c id s  (7 7 ) . O p tica l y ie ld s  
r a n g e d  b e tw ee n  10—28% a n d  d id  n o t g ive  r is e  to  n a tu ra lly  o c c u r r in g  
0—am ino a c id s .
26R e c e n tly , M offat h a s  e s ta b lish e d  a  g e n e ra l asym m etric  ro u te
to  n a tu ra l ly  o c c u rr in g  B-amino ac id s  v ia  isoxazoE dinones g e n e ra te d  v ia
*
n i t r o n e  cy c lo ad d itio n  to  v in y l a c e ta te , [Schem e 29].
C y cloadd ition  o f th e  c h ira l n it ro n e s  (78) to  v in y l a c e ta te  gave
9th e  5 -a c e ta x y  iso x azo h d in es  (79) a s  e x p e c te d . F acile  h y d ro ly s is  of (79) 
g a v e  th e  isoxazo lidono ls  (80) w hich w ere o x id ised  to  g ive  th e  c h ira l 
iso x azo lid in o n es  (8 1 ). H ydrogenation  of (81) r e s u l te d  in  c leav ag e  of 
th e  M-Q b o n d  a n d  lo ss  o f th e  c h ira l benzyE c p ro te c tin g  g ro u p  on 
n i t r o g e n  to  g iv e  th e  B- 1amino ac id s  (82) . T h is  se q u e n c e  r e p r e s e n t s  a 
n o v e l  m ethod  fo r  g e n e ra tin g  th e  new  c h ira l c e n t r e  a t  th e  B~carbon of 
B~amino a d d s .
26U sin g  ro u te  M offat s y n th e s is e d  B -p h en y l-B -a lan in e ,
B ~leucine a n d  B—’ty ro s in e , m ethyl e th e r  (R  =Ph, iP r  a n d  pM eOPh 
r e s p e c t iv e ly ) . O p tica l y ie ld s  w ere  s u p e r io r  to those previously 
reported,4®'44 wifli (R)-(-)-|9-tyrosine, methyl ether being prepared in 
o p tic a lly  p u r e  form upon h y d ro g en a tio n  o f a single isoxazoEdinone
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obtained , from  re c ry s ta llisa tio n  of a d iastereom eric  m ix tu re .
T he one d raw back  w ith M offat's ro u te  is  th e  low -y ie ld ing
o x id a tio n  s te p  (15-40%) re q u ire d  to tran sfo rm  th e  isoxazo lid ino ls  (80)
in to  th e  isoxazo lid inones (81). M oreover, th e re  is  no g en e ra lly
a p p licab le  m ethod  of oxidation to e ffec t th is  tra n s fo rm a tio n .
T he w ork p re s e n te d  in th is  c h a p te r  r e p re s e n ts  th e  su c c e s s fu l
ap p lic a tio n  of M offat's ro u te  to th e  f i r s t  asym m etric s y n th e s is  of 
453- ly s in e .
2 .3  RESULTS AND DISCUSSION
T he c h ira l n itro n e  (85) was chosen  a s  th e  r e q u ir e d  in t e r ­
m ediate  fo r  th e  asym m etric sy n th e s is  of 3_ly s in e . N itro n e  (85) w as 
p r e p a r e d  b y  th e  seq u en ce  ou tlined  in  Schem e 30. T he  a ld eh y d e  (84) 
w as p re p a re d  from  commercially availab le 4 -am ino -1 -bu tano l b y
se q u e n tia l  p ro te c tio n  of th e  amino function  as  th e  b e n zy l ca rb am ate
46(5N NaOH, PhC f^O C O C Jl, 0°C) followed by  Sw ern ox ida tion  of th e  
r e s u l t in g  alcohol (83 ). The a ldehyde  (84) was fo u n d  to  b e  v e ry  
u n s ta b le  a s  ev id en ced  b y  th e  ab sen ce , a f te r  th i r ty  m in u te s , of th e  
o r ig in a l a ld eh y d ic  s in g le t a t 6 9.80 in th e  1H nm r sp ec tru m  a t  90 MHz. 
P ro v id e d  (84) was t r e a te d  im mediately w ith  R -(+ )-a -m e th y lb e n z y lh y d ro x y l-  
am ine o x ala te  (56) [p lu s  one eq u iv a len t of trie th y lam in e ] in d ich lo ro - 
m e th a n e , th e  n itro n e  (85) was o b ta in ed  in ex ce llen t o v e ra ll y ie ld  (91"5) 
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Fig.la 1Hnmr Spectrum of Nitrone (85) at 200 MHz.
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T h e  c ry s ta l l in e  n itro n e  (85) d isp lay ed  a sing le  se t of s ig n a ls  in  b o th  th e  
H n m r (200 MHz) [F ig . la ] an d  C nm r [F ig . lb ]  confirm ing  th e  
p re s e n c e  of only one geom etric isomer (p resum ab ly  Z) as e x p e c te d .
T h e  i . r . sp ec tru m  of (85) show ed carbony l a b so rp tio n  a t  1710 cm 
(CHC so lu tio n ) . T he m olecular form ula of ^ 2 0 ^ 2 4 ^ 2 ^ 3  was confir med 
b y  a c c u ra te  m ass m easurem ent of [M] + a t m /e = 340.1793 (ca lc .
340 .1787).
T he key  s tep  in th e  ch ira l sy n th e s is  of $ -ly s in e  inv o lv ed
1 ,3 -d ip o la r  cyc loadd ition  of n itro n e  (85) to  v in y l ace ta te , [Schem e 31].
N itro n e  (85) was re f lu x e d  in n ea t v inyl ace ta te  fo r 16h to  f u rn is h  th e
5 -ace to x y iso x azo lid in e  ( 86) as a m ix ture of fo u r d ia s te reo m e rs  in 68%
y ie ld  a f te r  ch ro m a to g rap h y .
T he form ation of fo u r d iastereom ers ( 86,A ,B ,C ,D )  re s u lt in g
from  a p p ro a c h  of re a g e n ts  in an exo or endo m anner as  well a s  r e  o r si
9
face  a t ta c k  a t p ro c h ira l v iny l ace ta te  was e x p e c te d , [Schem e 32].
T h e  m ix tu re  ( 86A ,B ,C ,D )  was c learly  sep a rab le  b y  ch ro m a to g rap h y  
47(S iC y  in to  two p a irs  of d iastereom ers in a ra tio  of 7:3 (e lu te d  w ith 
35-55% e th y l a c e ta te :h e x a n e ) . The major p a ir  c o n s is te d  of th e  t r a n s  
(3 R ,5 S ) isom er ( 86B) [ re su ltin g  from si face a t ta c k  in th e  endo 
tr a n s i t io n  s ta te ]  an d  th e  cis(3R ,5R ) isom er ( 86D) [ re s u ltin g  from r e  
face  a t ta c k  in th e  exo tra n s itio n  s ta te ]  in th e  ra tio  1:2 ( 86B : 86D ).
T h e  m inor p a ir  c o n s is te d  of th e  t r a n s ( 3S, 5R) isom er ( 86A) [ re s u lt in g  
from  r e  face a t ta c k  in th e  endo tra n s itio n  s ta te ]  a n d  th e  c is (3 S ,5 S )  
isom er ( 86C) [re s u ltin g  from si face a tta c k  in th e  exo tra n s i t io n  s ta te ]  
in  th e  ra tio  2:3 ( 86A : 86C ). T hese  stereochem ical a ss ig n m e n ts  w ere 




H. / M e  













































s u b s e q u e n t sy n th e tic  s te p s .  The major isom ers w ithin each  p a ir  w ere 
a ssu m ed  to  be th o se  a ris in g  from the exo tra n s itio n  s ta te  b a se d  on th e  
o b se rv a tio n  th a t  cycloadd itions of ch ira l n itro n e s  to m o n o su b stitu ted  
a lk e n e s  show a m arked  p re fe re n c e  for th e  exo tra n s itio n  s ta t e ,^
[Schem e 7, In tro d u c t io n ] .
T he p re se n c e  of d iastereom er p a irs  was c lea rly  e v id e n t from
th e  H n m r (200 MHz) sp e c tra  of each of th e  two ch rom atog raph ic
f r a c t io n s .  T h u s , th e  major fraction  ( 86B+D) d isp lay ed  two 1H q u a r te ts
c e n t r e d  a t  6 3.78 an d  6 4.00 (2 :1 , 2 x  q , PhCHN) an d  two 3H s in g le ts
a t  6 2 .02 an d  62 .10  ( 2: 1 , 2 x  s_, COCH^) in th e  nm r sp ec tru m  a t
200 MHz, [F ig . 2 ], S im ilarly , th e  minor frac tio n  ( 86A+C) d isp la y ed  two
1H q u a r te ts  c e n tre d  a t  6 3.95 and  64.05 (3 :2 , 2 x  q , PhCHN) a n d  two
3H s in g le ts  a t 6 1 .8 9  an d  6 2.03 (2 :3 , 2 x  s , COCH^) in  th e  ^H nm r
13s p e c tru m  a t  200 MHz, [F ig . 3], The C nm r sp e c tra  of each  of th e  two 
p a i r s  also  re v e a le d  two se ts  of signals e .g .  6 19.90 a n d  620.68 
(C H ^C H N ); 6170.15 an d  6 170.84 (COCH3) in th e  13C nm r sp ec tru m  of 
( 86B +D ).
A ssum ing th a t ,  d u rin g  the  cycloaddition only th e  Z_ isom er of 
th e  n it ro n e  (85) was p re s e n t ,  th e  d iastereom ers ( 86A ,B ,C ,D )  w ere form ed 
in  th e  r a t io  1 2 :2 3 .4 :1 8 :4 6 .6 , re sp e c tiv e ly . H ow ever, u n d e r  th e  cond itions 
of th e  cy c lo ad d itio n  ( l 6h ,  re f lu x , n ea t v iny l ace ta te ) one can n o t exclude 
th e  p o ss ib ili ty  of some E isom er co n trib u tio n  to th e  final d ia s te reo m er 
p o p u la tio n . T he  i . r .  sp e c tra  of ( 86A+C) and  ( 86B+D) w ere v ir tu a lly  
id e n tic a l,  each  show ing carbony l ab so rp tio n s  a t 1730 cm a n d  1750 cm 
(C C &4 so lu tio n ) . T he m olecular formula of C24H30N 2°5  was confirm ed  by
28
ppm
Fig. 2 nmr Spectrum of Isoxazolidines (8 6 B+D) 
a t 200 MHz.
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Fig.3 nmr Spectrum of Isoxazolidines (8 6 A+C) 
at 200 MHz.
30
a c c u ra te  m ass m easurem ent of [M]+ a t m/e = 426.2155 ( 86A+C) an d  
426.2185 ( 86B +D ), [calc . 426.2155].
P ro v id ed  each p a ir  co nsisted  of C -5 epim ers b u t  h a d  only  one 
c o n fig u ra tio n  a t C -3 , b o th  (3R )- and  (3 S )-3 - ly s in e  would b e  o b ta in ed  
in o p tica lly  p u re  form , [Scheme 31] with th e  minor p a ir  ( 86A+C) h av in g  
th e  r e q u ir e d  (S )-c o n fig u ra tio n  a t C-3 leading  to th e  n a tu ra lly  o c c u rr in g  
( 3S) -  ( +) -  3~ly s in e .
48In d e p e n d e n t h y d ro ly s is  of ( 86A+C) and  ( 86B+D) a ffo rd e d  
(> 90%) th e  c o rre sp o n d in g  isoxazolidinols (87A+C) and  (87B+D), 
r e s p e c t iv e ly .  T he H nm r (90 MHz) s p e c tra  of b o th  m ix tu res  d isp la y ed  
m u ltip le ts  c e n tre d  a t 6 5.61 (1H, m, OCHOH) fo r (87A+C) a n d  6 5.35 
(1H , m, OCHOH) fo r (87B+D). The i . r .  sp e c tra  of b o th  m ix tu res  
show ed  f re e  an d  b o n d ed  h y d ro x y l abso rp tio n  a t 3600 an d  3400 cm \
W ithout p u rifica tio n  (87A+C) and  (87B+D) w ere in d iv id u a lly
49o x id ise d  (C o llin s ' re a g e n t)  to the  isoxazolid inones (3 S )-(8 8 ) an d  
(3 R ) - (8 8 ) ,  re sp e c tiv e ly  (ca . 40%).
T he hom ogeneity  of th e  C-3 epimeric isoxazo lid inones, (3 S )-
13 1( 88) a n d  (3 R )-(8 8 ) was a p p a re n t from th e  C nm r an d  H nm r (200 
MHz) sp e c tra  of each  isom er e .g .  the 1H nm r spectrum  of (3 S )-(8 8 ) 
re v e a le d  a s in g le  1H q u a r te t  a t 6 4.04 for the  benzylic p ro to n  of th e  
a -m e th y lb e n z y l g ro u p  (1H, q , CH3CHN) while th e  1H nm r sp ec tru m  of 
(3 R )-(  88) d isp la y ed  a co rresp o n d in g  signal a t 6 4.00 (1H, q , CH3CH N). 
In  e ac h  ca se  th e  1H an d  13C nm r sp ec tra  showed com plete ab sen ce  of 
th e  C -3  isom eric isoxazolidinone (th is  confirm ed th a t  th e  m em bers of 
each  d ia s te reo m e r p a ir  ( 86A+C) and ( 86B+D) had  iden tica l co n fig u ra tio n s  
a t  C -3 ) .  T he i . r .  sp e c tra  of each isomer were v ir tu a lly  id en tica l an d
31
sh o w ed  s tro n g  ca rb o n y l abso rp tion  a t 1790 cm 1 (C C &4 so lu tio n ).
A c c u ra te  m ass m easurem ent of [M]+ a t m /e = 382.1894 fo r (3 R )-(8 8 )
a n d  m /e  = 382.1912 for (3 S )-(88 ) [ca lc . 382.1893] confirm ed th e
m olecu lar form ula of C 22H26N2°4 for each isom er-
H ydrogeno lysis  of (3S )-(88) [PdOH2/C , H2 , EtOH; 20h a t
20°C th e n  5h a t 70°C] gave ( 3 S )-$ -ly s in e  in n e a r q u a n tita tiv e  y ie ld ,
29 31[Schem e 31] as a lig h t yellow hygroscop ic gum ' w hich was c h a ra c t­
e r is e d  a s  th e  know n c ry s ta llin e  d ibenzy loxycarbony l-( 3S)~ (3-lysine
50d e r iv a t iv e ,  (3 S )-(9 2 ) [m .p . 153-156°C ( li t .  155°C )], b y  tre a tm e n t 
w ith  tw o eq u iv a le n ts  of b enzy l chloroform ate in 5N NaOH a t  0°C ( 66%). 
H y d ro  geno ly  s is  of (3 R )-(8 8 ) as for (3S )-(88 ) a ffo rd ed  (3 R )-$ - ly s in e  
w h ich  w as sim ilarly  c h a ra c te r ise d  as th e  d ib en zy lo x y ca rb o n y l-(3 R )~ 3 _ 







T he o p tica l p u r ity  of th e  (3 S )- an d  (3 R )-3 - ly s in e s , (3 S )-(6 2 ) 
a n d  (3 R ) - (6 2 ) ,  w as checked  by  conversion  of th e  d e r iv a tiv e s  (3 S )-(9 2 ) 
a n d  (3 R )- (9 2 )  in to  th e  co rresp o n d in g  m ethyl e s te r ,  b is -(S )~ m e th o x y  
( tr if lu o ro m e th y l)p h e n y la c e ty l [(S)-M TPA ] am ides, 51 (3 S )-(9 4 )  a n d  











T h u s ,  (3 S )-(9 2 ) was converted  into the  m ethyl e s te r  (3 S )-(9 1 ) 
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[m .p . 104-107°C (L it. 105-107°C)] by  trea tm en t w ith ex ce ss  CH2N 2 
( q u a n t i ta t iv e ) .  H ydro genoly sis  of (3S )-(91) over palladium  h y d ro x id e  
on ch a rc o a l a t a tm ospheric  p re s su re  and  am bient te m p era tu re  gave (3 S )- 
$ - ly s in e , m e th y l e s te r  (3S )-(93) qu an tita tiv e ly  w hich was t r e a te d  w ith  
(S)-M T PA  c h lo rid e  (2 equ ivalen ts) in C C il^-pyrid ine (3 :2 ) a t  70°C fo r 
3h to  a f fo rd  (3 S )-(9 4 ) in 58% yie ld . Sim ilarly, (3R )-(92 ) was c o n v e rte d  
in to  ( 3 R ) - ( 9 4 ) . T he m ethyl e s te r ,  bis-(S )-M T PA  amide d e r iv a tiv e s  
(94) co u ld  n o t b e  c learly  iden tified  in the  "^F nmr sp e c tra  b eca u se  o th e r 
m inor f lu o r in e -c o n ta in in g  p ro d u c ts  w ere form ed, b u t they  w ere read ily  
d if f e re n tia te d  b y  gc-m s (OV-1; 25m, 290°C, 3 ml p e r  m in). In  each
ca se  th e  o th e r  isom er was completely ab sen t. The r e s u lts  of th e  g e­
ms a n a ly s is  a r e  sum m arised on Table 1.
A u th e n tic  specim ens of (3S )- and  (3R )-3~ lysines (62) an d  
th e i r  d ib e n z y lo x y c a rb o n y l d eriva tives (3S )-(92) and  (3 R )-(9 2 ) w ere 
p r e p a r e d  in d e p e n d e n tly  by A rn d t-E is te r t (A-E) hom ologation of (2 S )- 
o r ( 2 R )-o rn ith in e  (6 5 ), re sp ec tiv e ly , according to th e  m ethod of 
W akam iya, 50 [Schem e 34]. T here  was complete co rresp o n d en ce  in all 
p h y s ic a l a n d  sp ec tro sco p ic  p ro p e rtie s  of the su b stan ces  p re p a re d  b y  
th e  tw o ro u te s  (A -E  and  n itrone  cycloaddition). For exam ple, th e  1H 
nm r (90 MHz) s p e c tra  (D 20 )  of the ( 3 S )-$ —lysines (62) p re p a re d  by
th e  tw o ro u te s  w ere v irtu a lly  iden tica l, [F ig .4],
T h e  m ethy l e s te r ,  bis-(S)-M T PA  amides (3 S )-(9 4 ) [A -E] an d  
( 3 R ) - ( 94) [A -E] w ere p re p a re d  from th e  d ibenzy loxycarbony l-(3S  o r 
3 R )~ 3 -ly s in e  m ethy l e s te rs  (3S )-(91) [A-E] and  (3R )-(91 ) [A -E ],
34
T ab le  1 . gc-m s an a ly sis  of th e  3 -ly sine  d e riv a tiv e s  (3 S )-(9 4 )  a n d  
(3 R )-(9 4 ) p re p a re d  via n itro n e  cycloaddition
Isom er R eten tion  
Time (m ins)
[M] + [M ]+- C 9HgF 30
( 100%)
( 3S) — (94) 16.12 592 403
(3 R )-(9 4 ) 16.62 592 403
T ab le  2. gc-m s an a ly sis  of th e  3- ly sin e  d e r iv a tiv e s  (3 S )-(9 4 )  an d
(3 R )-(9 4 ) p re p a re d  via A-E hom ologation of ( 2S) — o r (2 R )-  
o rn ith in e  (65)
Isom er R eten tion [M] + [M ]+- C 9HgF 30
Time (m ins) ( 100%)
( 3 S ) - ( 94) 16.13 592 403





















( i ) PhCH20C0Cl,5NNaOH ; (ii)EtOCOCt; (iii) CH2N2  
(iv) PhC02 Ag+,MeOH ; (v) Na0H-dioxan-H20  
(vi) H2/Pd/C
Scheme 34
F ig .4 a 1Hnmr Spectrum (D20) at 90MHz of (3S )-(3 -L ysin e(62), 
Prepared  via A-E Homologation of (2S)-Ornithine (65).
Fig.4b 1Hnmr Spectrum (D2 0) at 90MHz of (3S)-f3-Lysine (62),
Prepared via Nitrone Cycloaddition.
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r e s p e c t iv e ly ,  [c f . Scheme 33]. A nalysis of th e se  b y  gc-m s (OV-1;
25m, 290°C , 3 ml p e r  min) showed com plete co rre la tio n  w ith  th e  m ethyl 
e s t e r ,  b is -(S )-M T P A  am ides (94) p re p a re d  via n itro n e  cy c lo ad d itio n , 
[T ab le  2].
2 .4  SUMMARY
O ptically  p u re  (3 S )-  and  ( 3 R ) -3“ly s in e s  have  b een  o b ta in ed  
v ia  1 ,3 -d ip o la r  cycloadd ition  of a ch ira l n itro n e  (85) to v in y l a c e ta te , 
follow ed by  facile  chrom atograph ic  sep a ra tio n  of th e  fo u r re s u lt in g  
d ia s te re o m e rs  ( 86) in to  two p a irs  of C -5 epim ers an d  co n v e rs io n  of each  
p a ir  in to  d iastereo isom erically  p u re  isoxazolid inones [ (3 S )-(8 8 )  o r 
( 3 R ) - ( 8 8 ) ] .  T h is  re p re s e n ts  th e  f i r s t  asym m etric s y n th e s is  of th e  
b io log ica lly  im p o rtan t (3S)-(3-lysine an d  th e  (3 R )-iso m er, b o th  in 
o p tica lly  p u re  form .
CHAPTER 3
S tereo co n tro lled  S y n th es is  of A spartam e 
[(S )-A sp -(S )-P h eO M e] an d  its  (R )-A sp a r ty l 
C ongener [(R )-A sp -(S )-P h eO M e] via 
N itrone C ycloaddition to 2 -C h lo roac ry lon itrile
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3 .1 BACKGROUND
T he low -calorie d ipep tide  sw eetener a sp artam e (95)
[ (S ) -a s p a r ty l- (S ) -p h e n y la la n in e ,  m ethyl e s te r ;  (S )-A sp -(S )-P h eO M e]
r
h a s  a b o u t 180 tim es th e  sw eetness of su c ro se . T he f i r s t  sy n th e s is  
53
w as r e p o r te d  in 1966 b u t its  sw eetness was d isco v ered  acc id en ta lly  
54
b y  M azur e t a l. th re e  y e a rs  la te r  d u rin g  w ork on th e  s y n th e s is  of 
th e  C -te rm in a l te tra p e p tid e  sequence of g a s tr in ,  T ry .M e t.A s p .P h e .N H ^  
a t  th e  G .D . S earle  Company in Illinois.
Me02C
(95)
T he sw eet ta s te  of aspartam e in no way re f le c ts  th e  ta s te s
of ( S ) - a s p a r t ic  ac id  o r (S )-p h en y la lan in e . The form er is ta s te le s s
54w hile th e  la t te r  is  b i t te r .  Mazur has s tu d ie d  th e  s t r u c tu r e - ta s te  
re la t io n s h ip s  of aspartam e and  found the  abso lu te  s te reo c h em is try  to 
b e  a b so lu te ly  c r itic a l [ (R )-A sp-(S )-P heO M e is  ta s te le s s  while 
( S ) -  A s p - ( R )-PheOMe is b i t te r ] .  The p re sen ce  of th e  u n s u b s t i tu te d  
a s p a r t ic  ac id  moiety was also found to be an abso lu te  re q u ire m e n t fo r 
sw e e tn e s s  an d  it  has been  su g g es ted  th a t th e  amino and  ca rb o x y l 
g ro u p s  of a sp a r tic  acid  b ind  d irec tly  to a ta s te - t r ig g e r in g  re c e p to r  s ite
39
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in  th e  ta s te  b u d s .  Replacem ent of th e  p h en y la lan in e , m ethy l e s te r  
w ith  o th e r  a  amino e s te r s ,  on th e  o th e r h an d , show ed co n sid e ra b le  
to le ra n c e  in  te rm s of th e  re ten tio n  of sw eetness e .g .  ( S ) - a s p a r ty l - ( S ) -  
ty r o s in e , m ethyl e s te r  was found to be sim ilar in po ten cy  to  a sp artam e 
i t s e l f .
T he main d isad v an tag e  of aspartam e in i ts  p ra c tic a l u se  as a 
lo w -ca lo rie  sw e e ten e r is its  tendency  to u n d erg o  in tram o lecu la r am inoly- 
s is  in aq u e o u s  so lu tion  to form th e  d ik e top iperaz ine  (9 6 ), w hich  in tu rn  
le a d s  to  a lo ss  of sw eetness. ^
(96)
R e c e n tly  B ada^^ h as  shown th a t (96) was the  main decom position p ro d u c t
of a sp a r ta m e  o v e r a wide ran g e  of pH and  te m p e ra tu re . F u r th e rm o re ,
racem isa tio n  r a te s  in th e  d ike top iperazine  (96) w ere g re a te r  th a n  in  th e
56 T ,
d ip e p tid e  (95) o v e r th e  same ran g e  of pH and  te m p e ra tu re . In  o rd e r  
to  p r e v e n t  th e  cyclisa tion  of aspartam e to the  d ik e to p ip eraz in e  (96)
40
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S u g an o  e t a l. have sy n th e s ise d  a se rie s  of d ip ep tid e  analogs whose 
b a c k b o n e s  a re  e lon g a ted  by  one or more m ethylene u n its .  For exam ple 
th e  d ip e p tid e  (97) , in w hich th e  positions of th e  ca rb o n y l a n d  oxygen  
fu n c tio n s  of th e  e s te r  have also been  ex ch an g ed , h a s  ab o u t 200 tim es 
th e  sw e e tn e ss  of su c ro se . N ev e rth e le ss , aspartam e ( t r a d e  nam es, 
S w ee tex ; N u trasw ee t; C andare l) rem ains th e  m ost im p o rtan t n o n -to x ic  





In  th e ir  s tu d ie s  of th e  metabolism of a sp artam e in m onkeys,
C O  C Q
O pperm an  e t a l. ’ have shown th e  d ip ep tide  to b e  a sa fe , n o n -to x ic
sw e e te n e r . A spartam e is h y d ro ly sed  in th e  g u t to its  c o n s ti tu e n ts ,
m e th an o l, a s p a r tic  acid  an d  p h eny la lan ine . A sp a rtic  acid  a n d  m ethanol
a re  o x id ise d  an d  co n v e rted  to carbon dioxide to th e  e x te n t of 60—80-6
of th e  a d m in is te re d  dose . Pheny lalan ine is  in c o rp o ra te d  in to  body
p ro te in  to  a g re a t e x te n t,  w ith only 20-25-6 ex cre tio n  of th e  ad m in is te red
59d o se . M oreover, it h as  been shown th a t even ch ro n ic  in g e stio n  of 
a sp a r ta m e  a t leve ls  as h ig h  as 4g /d ay  does no t a ffec t norm al p h en y l 
a lan in e  m etabolism  in man.
3.2 2-CHLOROACRYLONITRILE AS A KETENE EQUIVALENT IN
CYCLOADDITION REACTIONS
602-C h lo ro ac ry lo n itrile  (98) has  been  widely u se d  a s  a k e ten e  
e q u iv a le n t in [4+ 2]-cyc loadd itions. T his is c learly  due to th e  fac t 
th a t  k e te n e s  them selves te n d  to form [2 + 2 ]-a d d u c ts . T h u s , cy c lo p en ta - 
d iene ( 99) u n d e rg o e s  [ 4+2]-cycloadd ition  w ith (98) to  give th e  a d d u c t 
( 100) w hich  can b e  tran sfo rm ed  into th e  ke tone ( 101) by  tre a tm e n t w ith 
c o n c e n tra te d  aq u eo u s potassium  hy d ro x id e  in DMSO, [Schem e 35].
(99)
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S u rp r is in g ly , th e re  has only been  one p re v io u s  exam ple of a 
[3 +2 ]-cy c lo ad d itio n  of a n itro n e  to 2 -ch lo ro a c ry lo n itrile . S c h n e id e r61 
h a s  iso la te d  th e  isoxazolid inone (103) and  th e  chlorim ine (104) from 






61S c h n e id e r  h a s  ra tio n a lise d  the  formation of (103) by  p o s tu la tin g  a 
m echanism  w h ereb y  th e  n itro n e  (102) re a c ts  w ith th e  in itia lly  form ed 
5 , 5 -d is u b s t i tu te d  cycloadduct (105) to give th e  in term ed ia te  (106) w hich 
u n d e rg o e s  d e g rad a tio n  to th e  p ro d u c ts  (103) and  (104) via th e  in te r ­
m ed iate  (107 ), [Schem e 37].
In  g e n e ra l, 1 ,1 -d isu b s titu te d  e thy lenes u n d erg o  cycloaddition  
w ith  n i t ro n e s  to  a ffo rd  5 ,5 -d isu b s titu ted  isoxazo lid ines. N o n -ac tiv a ted  
a l k e n e s ^  su c h  as a-m ethyl s ty ren e  and  1 ,1 -d ip h en y le th y len e , e lec tro n - 























a lk e n e s  su ch  a s  m ethy l m e th a c ry la te  all u n d e rg o  cy c lo ad d itio n  in th e  
sam e reg iochem ical s e n s e .
T h is  c h a p te r  d e s c r ib e s  th e  s u c c e s s fu l ap p lica tio n  of cyclo­
a d d itio n  re a c tio n s  of c h ira l n i t ro n e s  w ith  2 -c h lo ro a c ry lo n itr ile  follow ed 
b y  fac ile  h y d ro ly s is  of th e  r e s u lt in g  a d d u c ts  to  g ive c h ira l iso x azo li- 
d in o n e s . T h is  was show n to  b e  an  ex tre m e ly  e ff ic ie n t p ro c e s s  a n d  a 
s ig n if ic a n t s y n th e tic  im provem ent on th e  v in y l a c e ta te  r o u te ,  d is c u s s e d  
in  C h a p te r  2, s in ce  i t  avo id s th e  lo w -y ie ld in g  o x ida tion  s te p  n e e d e d  to 
tra n s fo rm  th e  in itia l a d d u c ts  in to  iso x azo lid in o n es .
3 .3  PREVIOUS SYNTHESES OF ASPARTAME
T he com m ercial im p o rtan ce  of a sp a rta m e  a s  a lo w -ca lo rie , n o n ­
to x ic  a r tif ic ia l sw e e te n e r  h as  r e s u l te d  in  c o n s id e ra b le  s y n th e t ic  e f fo r t
b e in g  d e v o te d  to  th e  d isc o v e ry  of a s h o r t  h ig h ly  e ff ic ie n t ro u te  to  th is
, . 67-71u n iq u e  s u b s ta n c e .
T he  p r in c ip a l d iff ic u lty  w ith  co n v en tio n a l s y n th e s e s  b a s e d  on
sim ple p e p tid e  coup ling  is  th e  p rob lem  of ach iev in g  th e  se le c tiv e
fo rm ation  of a p e p tid e  b o n d  a t th e  opposition  of th e  ( S ) - a s p a r t ic  ac id
m oiety . T he  m ost commonly u s e d  a p p ro a c h  h a s  in v o lv ed  r in g  o pen ing
6 5of N -p ro te c te d  a s p a r t ic  a n h y d r id e s  su c h  a s  (1 0 8 ).
(108)
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N o n -re g io sp e c ific  r in g  o p en in g  of (108) w ith  (S ) -p h e n y l-
a la n in e , m ethy l e s te r  ((S )-P heO M e) r e s u l t s  in a m ix tu re  of a a n d  3
reg io iso m eric  d ip e p tid e s  w hich  m ust th e n  b e  s e p a ra te d .  R eg io sp ec ific
co u p lin g  a t  th e  a -c a rb o x y l of N -p ro te c te d  a s p a r tic  ac id  can  b e  a ch iev ed
b y  enzym ological m e th o d s ,^  em ploying  th e  enzym e, th e rm o ly s in . In  
681982, V in ick  a c h ie v e d  com pletely  re g io sp e c if ic  a  co u p lin g  of ( S) ~  





1. H2 N ^ X 0 2 Me 
pH 8.5-9.5  




T h e  p re v io u s ly  u n k now n  a s p a r t ic  ac id  d e r iv a tiv e  (109) w as p r e p a r e d  
from  ( S ) - a s p a r t ic  ac id  a n d  m ethy l e th y l  x a n th a te  follow ed b y  P B r^  
c y c lis a tio n . T h e  c r it ic a l p e p tid e  co u p lin g  re a c tio n  w as c a r r ie d  o u t
46
u n d e r  co n d itio n s  of s t r i c t  pH a n d  te m p e ra tu re  c o n tro l to  a f fo rd
a sp a r ta m e  (95) in  63% y ie ld  from  (109).
69
More r e c e n t ly ,  T ou h a s  r e p o r te d  a re g io se le c tiv e  s y n th e s is  
of a sp a rta m e  from  $ -m e th y l- (S ) - a s p a r ta te  N -c a rb o x y a n h y d r id e  (1 1 0 ), 
[Schem e 39 ].
R eg io se lec tiv e  cou p lin g  of (110) w ith  p h e n y la la n in e  (111) 
a f fo rd e d  th e  a s p a r ty l  m ethy l e s te r  of or ( S ) - a s p a r ty l - (S ) -p h e n y la la n in e
(1 1 2 ). T he  co u p lin g  a d d u c t (112) was s u b je c te d  to  a h y d ro ly s is -  
e s te r if ic a tio n  re a c tio n  w ith o u t iso la tio n  to  e s ta b l is h  a s e r ie s  of 
e q u ilib r ia  in w hich  all th e  p o ss ib le  e s te r if ic a t io n  p ro d u c ts  w ere  p r e s e n t .  
T h e  in so lu b le  ( S ) - a s p a r ty l - ( S ) - p h e n y la la n in e  m ethy l e s te r  h y d ro c h lo r id e
(113) p re c ip i ta te d  from  th e  re a c tio n  medium a s  fo rm ed . N e u tra lisa tio n
of (113) a f fo rd e d  a sp a rta m e  (95) in  55% o v e ra ll y ie ld .
70R e c e n tly , D uham el h a s  s y n th e s is e d  a sp a rta m e  v ia  th e  
o x az irid in e -am id e  r e a r ra n g e m e n t of th e  p r e c u r s o r  (1 1 4 ), [Schem e 40]. 
T h e  d ip e p tid e  ( S ) , ( S ) - (  115) h a s  p re v io u s ly  b een  d e s c r ib e d  b y  P ie tsc h  
a s  th e  d ire c t p r e c u r s o r  of a sp a rta m e  (9 5 ) .
T h e  on ly  p re v io u s  s y n th e s is  of a sp a r ta m e  w hich  h a s  in v o lv ed
71
an  asym m etric  s te p  w as in  1986 b y  F u g a n ti  who h y d ro g e n a te d  
N -b e n z y lo x y c a rb o n y l d e h y d ro a sp a rta m e  (116) u s in g  a c h ira l rhod ium  
c a ta ly s t ,  [Schem e 41] to  o b ta in  a sp a rta m e  (95) in 90% d ia s te reo m e ric  
e x c e s s .
71In  c o n t r a s t  to  F u g a n ti 's  s y n th e s is  w h ere  th e  in d u c e d  c h ira l 
c e n t r e  was a t  th e  p h e n y la la n y l m oiety of th e  d ip e p tid e , th is  c h a p te r  


































;  Aspartam e,(95)




c e n t r e  w as g e n e ra te d  v ia  1 ,3 -d ip o la r  cy c lo ad d itio n  of c h ira l n i t ro n e s  
to  th e  k e te n e  e q u iv a le n t , 2 -c h lo ro a c ry lo n itr ile .
3 .4 RESULTS AND DISCUSSION
T h e same g e n e ra l s t r a te g y  a s  th a t  a p p lie d  to th e  s u c c e s s fu l 
s te re o se le c tiv e  s y n th e s is  of 3_ly s in e  (C h a p te r  2) w as em ployed  fo r  th e  
asym m etric  s y n th e s is  of a sp a rta m e  (9 5 ) .  T h e  C -carbam ido  n i t ro n e s  
(1 1 9 a ,b ,c )  w ith  th e  (S )-p h e n y la la n y l m oiety a lre a d y  in c o rp o ra te d  in to  
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Scheme 42
R eaction  of g lyoxylic  ac id  h y d r a t e  with N -b en zy lh y d ro x y lam in  
(49) o r  (R o r  S ) -a -m e th y lb e n z y lh y d ro x y la m in e  oxala te  sa l t  (56) [p lu s  
one e q u iv a le n t  of tr ie th y lam in e ]  in d ich lo rom ethane  fo r  5h a t  room 
te m p e ra tu r e  re a d i ly  a f fo rd e d  th e  C -c a rb o x y  n i t r o n e s  ( 1 1 7 a ,b ,c ) ,  
r e s p e c t iv e ly  (61-66%). T he  ir  s p e c t r a  of ( 1 1 7 a ,b ,c )  all d isp la y e d  
c a rb o n y l  a b s o rp t io n  a t  1715 cm  ^ a n d  s t r o n g ly  H -b o n d e d  O-H a b s o r p t ­
ions a t  2500-2800 cm  ^ (C H C i^  s o lu t io n ) .  N itro n e  (117a) was 
c ry s ta l l in e  a n d  n i t ro n e s  (117b) a n d  (117c) w ere  oils. S ig n if ic a n t ly ,  
th e  nm r s p e c t r a  a t  90 MHz of ( 1 1 7 a ,b ,c )  c lea r ly  show ed  each  of th e  
n i t r o n e s  to b e  p r e s e n t  as  a s in g le  geom etric  isomer (p re su m ab ly  Z) e .g  
F ig .  5 show s th e  n m r sp e c tru m  a t  90 MHz of (117a).  T h is  
c o n t r a s t e d  w ith  th e  c o r re s p o n d in g  m e thy l e s t e r  n i t r o n e s  ( 1 2 3 a ,b ,c )  
w hich  w ere  each  shown b y  ^H nm r (90 MHz) to be  p r e s e n t  a s  a 1:1 
m ix tu re  of Z a n d  E isom ers  (C H C £^ , room te m p .)  a n d  w ere  eas ily
p r e p a r e d  in good y ie ld  (> 75%) as  fo r  ( 1 1 7 a ,b ,c )  b u t  u s in g  m ethyl 
72g ly o x y la te  in p lace  of g lyoxylic  ac id  h y d r a t e .  T h u s ,  two s e ts  of 
s ig n a ls  w ere  c le a r ly  d is t in g u is h a b le  in th e  *H nm r sp e c tru m  (90 MHz) 
of n i t r o n e  (123a),  [ F i g . 6 ].
^rC 02M e a R=CH2Ph
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Fig.5 V lnm r Spectrum of Nitrone (117a) a t  90 MHz.
o
Fig. 6  nmr Spectrum of Nitrone (123a) at 90 MHz
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C oupling  of th e  n i t r o n e s  ( 1 1 7 a ,b ,c )  with (S ) -p h e n y la la n in e
m ethyl e s t e r  h y d ro c h lo r id e  in d ich lo rom ethane  u s in g  N -m e th y l-2 -c h lo ro -
73p y r id in iu m  iodide (118) [p lu s  t h r e e  e q u iv a le n ts  of t r i e th y la m in e ] . 
a f fo rd e d  th e  am ides ( 1 1 9 a ,b ,c ) ,  [Scheme 42] in  55-60% y ie ld  a f te r  
p u r if ic a t io n  b y  silica gel c h ro m a to g ra p h y .  T he  n i t r o n e s  (119a) a n d  
(119b) w ere  c ry s ta l l in e  while (119c) was an  oil. A g a in ,  each  n i t r o n e  
was shown to e x i s t  as  a s ing le  geom etric  isom er (CHC£g> room tem p era ­
t u r e )  e . g .  th e  c ry s ta l l in e  n i t r o n e  (119a) d isp la y e d  a s ing le  s e t  of
1 13s ig n a ls  in  b o th  th e  H nm r sp e c tru m  (200 MHz), [F ig .  7a] a n d  C nm r
s p e c t ru m ,  [F ig .  7 b ] ,  T he ir  sp e c tru m  of (119a) show ed c a rb o n y l
a b s o rp t io n s  a t  1645 cm  ^ a n d  1742 cm  ^ (K B r d i s c ) .  T h e  molecular
form ula of ^ 2 9 ^ 2 0 ^ 2 ^ 4  ^or ( -^ ^ a )  was confirm ed  b y  a c c u ra te  mass
m e asu re m en t of [M ]+ a t  m /e = 340.1437 (ca lc .  340.1423). T h e  n i t ro n e s
(1 1 9 b ,c )  a lso  gave  sp e c tro s c o p ic  a n d  a c c u ra te  mass d a ta  in a c c o rd  with
th e  s t r u c t u r e s  shown in Scheme 42.
T he  key  s tep  in th e  asym m etric  s y n th e s i s  of a sp a r ta m e  (95)
in v o lv ed  1 ,3 -d ip o la r  cyc loadd it ion  of th e  n i t r o n e  (119a ,b  o r  c) [ th re e
s e p a r a te  r u n s ]  to th e  k e te n e  e q u iv a le n t  2 -ch lo ro a c ry lo n i t r i le  (9 8 ) .
Facile h y d ro ly s i s  (see  below) of th e  r e s u l t in g  5 , 5 - d i s u b s t i t u te d  a d d u c t
(1 2 0 a ,b  or c) a f fo rd e d  th e  isoxazo lid inone  (121a, b  o r  c) [Scheme 43].
T h e  d ia s te re o s e le c t iv i ty  of th e  in itia l cyc loadd it ion  s te p  was re f le c te d
in  th e  r e la t iv e  p ro p o r t io n s  of th e  two d ia s te reom eric  d ip e p t id e s
[a sp a r ta m e  (95) a n d  (R ) -A sp - (S ) -P h e O M e  (1 2 2 )] ,  o b ta in e d  b y  h y d r o -
g en o ly s is  of (121a, b  o r  c ) .
53
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(3S) ; Aspartame, (95)
( 3 R ) ; (R)—A sp—(S)-PheO H e^(122)
Scheme 43
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3 .4 .1  S y n th e s i s  of th e  C h ira l  I so x azo lid in o n es  (1 2 1 a ,b ,c )
C ycloadd it ion  of th e  N -b e n z y l  n i t r o n e  (119a) w ith  e x c e ss  
2 -ch lo ro a c ry lo n i t r i le  (80°C , 15 mins) led  re g io sp ec if ica lly  to th e  5 ,5 -  
d i s u b s t i t u t e d  a d d u c t  (120a) [100%]. T h e  nm r s p e c tru m  a t  90 MHz 
of (120a) show ed  complex co n t in u o u s  a b s o rp t io n  (11H) b e tw ee n  6 3 a n d  
6 5 a n d  a com plex m ultip le t  (10H) a t  6 7 .0 -7 .5 .  T h is  was e x p e c te d ,  
r e s u l t in g  from th e  form ation  of fo u r  n o n -racem ic  d ia s te re o m e rs  a r is in g  
from t r a n s i t io n  s t a t e s ,  ana logous  to th o se  fo r  th e  cyc lo ad d it io n  of ch ira l  
n i t r o n e s  to  v in y l  a c e ta te  [Schem e 7, I n t r o d u c t io n ] .  T he  a d d u c t  (120a) 
show ed an  u n c h a n g e d  nm r (90 MHz) sp e c tru m  a f t e r  p u r if ic a t io n  by  
silica gel c h ro m a to g ra p h y  (E tO A c /h e x a n e  25:75, 93% r e c o v e r y ) .
H y d ro ly s is  of (120a) in a q u e o u s  t e t r a h y d r o f u r a n  co n ta in in g
0 .2 -0 .4  e q u iv a le n ts  of h y d ro c h lo r ic  ac id  (20°C , l6 -24h )  a f fo rd e d  th e  
isoxazo lid inone  (121a) in 82% y ie ld  a f t e r  p u r if ic a t io n  b y  silica gel 
c h ro m a to g ra p h y  (E tO A c/h e x an e  4 0 :6 0 ) .  T h e  ^H nm r sp e c tru m  a t  200 
MHz of (121a) c le a r ly  r e v e a le d  th e  p r e s e n c e  of two d ia s te re o m e rs  
[F ig .  8 a ] .  T he  ra t io  of the  two C-3 ep im ers  was e s t im a ted  a s  5:2 
[ ( 3 R ) : ( 3 S ) ]  from th e  r e la t iv e  in te g r a l s  of th e  CH^OCO s ig n a ls  in th e  ^H 
nm r sp e c tru m  a t  200 MHz [F ig .  8 b ] .  T h e y  w ere  in s e p a ra b le  b y  glc 
(S E -54  cap i l la ry )  a n d  b y  c h ro m a to g ra p h y  on silica.
C yc loadd it ion  of th e  N - (R ) -a ~ m e th y lb e n z y l  n i t r o n e  (119b) with 
e x c e s s  2 -ch lo ro a c ry lo n i t r i le  (80°C , 15 mins) a f fo rd e d  th e  a d d u c t  (120b) 
w hich  was u s e d  w ithou t f u r t h e r  p u r i f i c a t io n .  T he  sp e c tro sc o p ic  
p r o p e r t i e s  of (120b) w ere  ana logous  to  th o se  of (120a) w ith th e  c h a n g e s  
to  b e  e x p e c te d  fo r  rep la cem e n t  of CH^Ph b y  (R )-C H M ePh.
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Fig. 8 a  H nmr Spectrum of Isoxazolidinone (121a) 
at 200 MHz.
. 8 b 1H nmr (200 MHz) Expansion of 
CH3 OCO, Isoxazolidinone (121a).
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H y d ro ly s is  of (120b) [as  fo r  ( 120a)] a f fo rd e d  th e  isoxazolid inone 
(121b) in  83% y ie ld  a f t e r  c h ro m a to g ra p h y  (SiC^) • T h e  ^H nm r sp ec tru m  
a t  200 MHz of (121b) again  r e v e a le d  th e  p r e s e n c e  of two d ia s te reo m e rs ,  
[ F ig .9 a ] .  T he  ra t io  of 2:3 [ ( 3 R ) : ( 3 S ) ]  was o b ta in ed  from th e  re la t iv e  
in t e g r a l s  of th e  CHCH^ d o u b le ts  in th e  ^H n m r sp e c tru m  a t  200 MHz, 
[ F i g .9 b ] ,  C le a r ly ,  in n i t ro n e  (119b) [R=(R)-CH M ePh] , th e  two ch ira l  
d i r e c t in g  g ro u p s  w ere  in conflic t  a n d  cyc loadd it ion  was le ss  d ia s te re o -  
s e lec tiv e  th a n  w ith  th e  n i t ro n e  (119a) [ R ^ ^ P h ] . F o r tu n a t e ly ,  th e  
major (3 S )- iso m e r  of (121b) was s e p a ra b le  from th e  m inor (3R )- iso m er  
b y  c h ro m a to g ra p h y  o v e r  silica (see  E x p er im en ta l)  . F ig u re  10 shows 
th e  ^H n m r  (200 MHz) s p e c tru m  of (3 S ) - (1 2 1 b )  [co n ta in in g  a p p ro x .
12% of ( 3R )-(  121b) ] .
C yc loadd it ion  of th e  N - ( S ) - a - m e th y lb e n z y l  n i t r o n e  (119c) w ith 
2 -c h lo ro a c ry lo n i t r i le  (80°C , 15 mins) led  reg io sp ec if ica l ly  to th e  5 ,5 -  
d i s u b s t i t u t e d  c y c lo a d d u c t  (120c) .  T h e  ^H n m r s p e c tru m  (90 MHz) of 
(1 2 0 c ) ,  a l th o u g h  com plex, a p p e a r e d  to b e  som ew hat s im pler th a n  th o se  
of a d d u c t s  (120a) a n d  (120b) .  In  p a r t i c u l a r ,  th e  p r e s e n c e  of a b ro a d  
s in g le t  c e n t r e d  a t  6 3.70 (CH^OCO) a n d  two o v e r la p p in g  d o u b le ts  
c e n t r e d  a t  6 1 .4 9  (CHCH^) s u g g e s te d  th a t  th e  a d d u c t  (120c) was p r e s e n t  
a s  a m ix tu re  of two d ia s te re o m e rs .
H y d ro ly s is  of (120c) [as  fo r  ( 1 2 0 a ,b ) ]  a f fo rd e d  th e  isoxazoli­
d in o n e  (121c) a s  a c ry s ta l l in e  solid  in 77% y ie ld  a f t e r  c h ro m a to g ra p h y
1 13( S iC ^ ) . T he  H nm r sp ec tru m  a t  200 MHz [F ig .  11a] a n d  th e  C nm r
s p e c tru m  [F ig .  l i b ]  of (121c) c lea r ly  r e v e a le d  th e  p r e s e n c e  of a single
d ia s te reo m e r  (3 R ) .  T h u s ,  in t ro d u c t io n  of th e  seco n d  c h i ra l  c e n t r e ,
60











Fig.9b nmr (200MHz) Expansion of CHCH3 , 
Isoxazolidinone (121b).
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Fig.10 H nmr Spectrum of Isoxazolidinone  
(3 S )—(121b) at 200 MHz.
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74(S )-C H M ePh, r e in f o r c e d  th e  d i re c t in g  e f fec t  of (S )-PheO M e e n s u r in g  
cyc loadd it ion  of 2 -ch lo ro a c ry lo n i t r i le  e x c lu s iv e ly  to th e  r e ,  r e  face of 











T h e  r e s u l t s  of th e  cyc loadd it ion  of n i t r o n e s  (1 1 9 a ,b ,c )  to
2 -c h lo ro a c ry lo n i t r i le  (80°C , 15mins) followed b y  h y d ro ly s is  of th e  
r e s u l t in g  a d d u c t s  to g ive  isoxazo lid inones  (1 2 1 a ,b ,c )  h av e  b e e n  
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65
(i) i i I
JwL
13ft 120 lift Its  90 10 70 60 5ft 4ft 30 2ft to OfPW
Fig.11b (i) 1H-Decoupled13C nmr Spectrum of 
Isoxazolidinone (121c). (ii) DEPT 0=90°
(iii) DEPT 0=135°
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T ab le  3
N itro n e  (119) Isoxazo lid inone  (121) 
O R ^ S ) 1
% Yield 
[from N itro n e s  (119)]
a R=CH2Ph 5:2 83
b R=(R )-CH M ePh 2:3  ( 2 : 1 ) 2 82 (5 2 )2
c R=( S ) -CHMePh 1:0 77
1. S te reochem ica l a s s ig n m e n ts  follow from c o n v e rs io n  in to  e i th e r  
a s p a r ta m e  (95) o r  (R ) -A sp - (S ) -P h e O M e  (122).
2. T h e  f ig u r e s  in p a r e n th e s e s  r e p r e s e n t  th e  ra t io  a n d  y ie ld  of th e  
two C -3  ep im ers  of (121b) o b ta in e d  a f t e r  a 24 h o u r  cyc loadd it ion  
of n i t r o n e  (119b) followed b y  h y d ro ly s i s  of th e  r e s u l t in g  a d d u c t  
(120b) .  No s u c h  r e d i s t r i b u t io n  of p r o d u c t s  was o b s e r v e d  in 
(121a) or (121c) r e s u l t in g  from cyc loadd it ion  of (119a) o r  (119c) 
to  2 -c h lo ro a c ry lo n i t r i le  a t  re a c t io n  times g r e a t e r  th a n  15 mins.
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C ycloadd it ion  of th e  a -m e th o x y c a rb o n y l -N - (R ) -a -m e th y lb e n z y l  
n i t r o n e  (123b) to  2 -ch lo ro a c ry lo n i t r i le  (80°C , 15 mins) followed by  
h y d ro ly s is  a f fo rd e d  th e  isoxazo lid inone  (1 2 4 ) ,  [Schem e 45] in  59% y ie ld  
a f te r  c h ro m a to g ra p h y  o v e r  silica .
(123b) (124)
Scheme 45
T h e  H n m r (90 MHz) sp e c tru m  of (124) show ed  th e  p r e s e n c e  o f  two C-3 
ep im ers  in ap p ro x im ate ly  1:1 r a t io  [F ig .  12]. T h u s  th e  n i t r o n e  (123b) 
p r o v e d  u s e le s s  fo r  asym m etric  cyc loadd it ion  to  2 -c h lo ro a c ry lo n tr i le .  
a n d  th i s  a p p ro a c h  was a b a n d o n e d  a s  a p o te n t ia l  asym m etric  r o u te  to 
a s p a r ta m e .
Fig. 12 'Hnmr Spectrum of Isoxazolidinone  
(124) a t 90 MHz.
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3 .4 .2  H y d ro g en o ly s is  of Isoxazo lid inones  (1 2 1 a ,b ,c )
Isoxazo lid inone  (3 S )- (1 2 1 b )  was d is so lv e d  in e th a n o l /w a te r
(25 ml, 3:2) a n d  th e  so lu tion  h y d r o g e n a te d  o v e r  P d (O H )2 on ch a rco a l
a t  a tm o sp h e r ic  p r e s s u r e  a n d  70°C for  5h. F i l t ra t io n  a n d  rem oval of
so lv en t  in  vacuo  a f fo rd e d  a w hite  solid  w h ich  was w ash ed  w ith  ch illed  
68w a te r  to rem ove th e  small am ount of th e  h ig h ly  w a te r - so lu b le  (R ) -A sp -  
(S )-PheO M e (122), le av in g  th e  s w e e t - ta s t in g  a s p a r ta m e ,  ( S ) - A s p - ( S ) -
PheOMe (95) in 88% y ie ld .  T h e  a s p a r ta m e  o b ta in e d  in th i s  m anner  was
1 13v i r tu a l ly  id e n t ica l  (m p, [ ot]D , H nm r [F ig .  13], C n m r a n d  i r )  w ith an
a u th e n t ic  specim en .
H y d ro g e n a t io n  of th e  s ing le  isom er (121c) [a s  fo r  (3 S ) - (1 2 1 b )]
a f f o r d e d ,  q u a n t i ta t iv e ly ,  th e  t a s t e le s s  (R ) -A sp - (S ) -P h O M e  (122),
54id e n t i f i e d  b y  mp a n d  [ a ] D * Not s u r p r i s in g ly  th e  s p e c tro sc o p ic  
p r o p e r t i e s  of (R )-A sp -(S )~ P h eO M e (122) show ed  v e r y  close c o r r e s p o n d ­
ence  w ith  th o se  of a sp a r ta m e  (9 5 ) ,  a s  i l lu s t r a t e d  b y  th e  n m r (200 
MHz) s p e c tru m  in d^ dmso of (122) [F ig .  14] com pared  w ith  th e  ^H nm r 
(200 MHz) sp e c tru m  in d^ dmso of a s p a r ta m e  (95 ) ,  [F ig .  13].
H y d ro g e n a t io n  of th e  in s e p a ra b le  m ix tu re  (121a) u n d e r  th e  
ab o v e  con d it io n s  b u t  a t  20°C a f fo rd e d  [100%] (R )-A sp - (S ) -P h O M e  (122) 
a n d  (S ) -A s p - (S ) -P h e O M e  (95) in a 5 :2  ra t io  a s  e x p e c te d .  (R ) -A s p -  
(S )-PheO M e was eas i ly  e s ta b l i s h e d  a s  th e  major com ponent of th e  
d ip e p t id e  m ix tu re  b y  c o r re la t io n  of th e  chem ical s h i f t  v a lu es  of th e  
CH^OCO s in g le ts  in  th e  *H nm r (200 MHz) sp e c tru m  [F ig .  15] with 
th o s e  of th e  d ia s te reo isom erica l ly  p u r e  (R ) -A sp - (S ) -P h e O M e  (122) a n d  
(S ) -A sp - (S ) -P h e O M e  (95) o b ta in ed  v ia  h y d ro g e n o ly s is  of isoxazo lid inones  
(121c) a n d  (3 S ) - (1 2 1 b ) ,  r e s p e c t iv e ly .
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Fig.13 1Hnmr Spectrum at 200MHz (d6 dmso) of Aspartame 
(95) obtained via Hydrogenolysis of Isoxazolidinone 
(3S)-(121b).
/V .M l fl w/l/V
'  .........   ■ i ■ I ' ■ ' ' I ■ ■ ■ 1 I ■ ' ' I ' ' ' ■ I 1 ■ ■ ' I 1 ' ' ' 1 ' ' ' ' I ..................| < ■ ■ ■ | ■ ■ i ■ | . ■ ■ . |  ^■ it
• . a  a.5  a. i  7. s  7 . a a . s  a . a  s . s  s . a «. s  « . a  i . s  i . a  m  i . a  i .
PPM
Fig.14 1Hnmr Spectrum  a t 200MHz (dgdmso) of (R )-A sp -  
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Fig. 15 nmr Spectrum at 200 MHz (d^dmso) of
6 . 5
Aspartame (95) and (R )-A sp -(S )-P h eO M e  
(122) obtained via Hydrogenolysis of 
Isoxazolidinone (121a).
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3 .4 .3  R e a r ra n g e m e n t  of (S ) -A s p - (S ) -P h e O M e  (95) a n d  
(R ) -A sp - (S ) -P h e O M e  (122)
B oth  ( S ) - A s p - ( S ) -PheOMe (95) a n d  (R )-A sp - (S ) -P h e O M e  (122)
w ere  shown to u n d e rg o  in tram o lecu la r  cy c l isa t io n ,  in d^ dmso so lu tion ,  to
th e  d ik e to p ip e ra z in e s  (96) a n d  (125),  r e s p e c t iv e ly .  T h is  was c lea r ly  
13 1e v id e n t  from th e  C a n d  H nm r (200 MHz) s p e c t r a  of th e  c y c l ised  
p r o d u c t s ,  r e c o r d e d  a f te r  allowing th e  in i t ia l  d ip e p t id e  so lu tions  to s ta n d  
a t  room te m p e ra tu r e  fo r  a p e r io d  of one w eek .
(96)
h n- m' 4 ^ ph 
NH
(125)
T h u s  th e  b r o a d  NH s in g le t ,  c e n t r e d  a t  6 8.95 in th e  H nm r
(200 MHz) sp e c tru m  of (S ) -A s p - (S ) -P h e O M e  [F ig .  16], h a d  completely
d is a p p e a re d  a f t e r  a p e r io d  of one w eek to  b e  r e p la c e d  b y  two doub le ts
c e n t r e d  a t  6 7 .89 a n d  6 8 . 1 ^ f o r  th e  two N H -p ro to n s  of th e  d ik e to p ip e r -
13az in e  (96),  [ F i g . 17]. T h e  C nm r s p e c tru m  of (9 6 ) ,  [ F i g . 18] was
d evo id  of th e  CC^CH^ (6  51.99) a n d  CO^CH^  (617 1 .6 3 )  s ig n a ls ,  in itia lly  
13p r e s e n t  in th e  C nm r s p e c tru m  of a s p a r ta m e  (9 5 ) .  ( R ) - A s p - ( S ) -
PhOMe (122) likew ise  show ed  c o r re s p o n d in g  sp ec tro sco p ic  c h a n g e s
—i   1   1  1   1  r—1—t—  1  —t  —
I.U I.M • . 1*  I.M ».M t.M I. M |.7I I.M trm
Fig.16 nmr (2 0 0 MHz) Expansion o f NHCO, A sparfam e 
(95).
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Fig. 17 1H nmr (200 MHz) Expansion o f N H C 0(x2),
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c o n s i s te n t  w ith  r e a r r a n g e m e n t  to th e  d ik e to p ip e ra z in e  (125) [see
E x p e r im e n ta l ] . T he  cyc l isa t io n  of a s p a r ta m e  to  form th e  d ik e to p ip e r -
55-57az in e  (96) is  a well know n p henom enon , a s  m en tioned  e a r l ie r .
3 .5  SUMMARY
T he s e q u e n c e  w hich  was u s e d  to s y n th e s i s e  s te re o se le c t iv e ly
26th e  n a t u r a l  3_aniino ac id s  3- le u c in e ,  3- p h e n y la la n in e ,  3” ty ro s in e  a n d
45
3 - ly s m e  was su c c e s s fu l ly  ap p l ie d  to  th e  asym m etric  s y n th e s i s  of 
a sp a r ta m e  (95) [an d  (R ) -A sp - (S ) -P h e O M e  (1 2 2 ) ] .  T h e  s y n th e s i s  of 
c h i ra l  isoxazo lid inones  was a c h ie v e d  v e r y  e f f ic ien t ly  em ploying th e  k e te n e  
e q u iv a le n t ,  2 -c h lo ro a c ry lo n i t r i le .  T h is  was fo u n d  to b e  m uch s u p e r io r  
to  v in y l  a c e ta te  as  a d ipo la roph ile  s in ce  it av o id ed  th e  low -y ie ld ing  
ox ida tion  s tep  r e q u i r e d  to t r a n s fo rm  th e  in i t ia l  a d d u c t s  in to  isoxazoli­
d in o n e s  .
V ery  r e s p e c ta b le  in d u c t io n  was o b ta in e d  b y  e f f ic ien t  t r a n s f e r  
of c h i ra l i ty  to th e  new ly  g e n e ra te d  a - a s p a r t y l  c h i ra l  c e n t r e  b y  PheOMe 
in  th e  a b se n c e  of a c h i ra l  a u x i l ia ry  a t  th e  N - te rm in u s  of th e  n i t ro n e  
(1 1 9 a) .  In t ro d u c t io n  of a second  c h ira l  c e n t r e  a t  N ( e i t h e r  ( R ) -  o r  
(S )-C H M ePh) h a d  a d ram atic  e f fe c t .  Most s t r ik in g  was th e  fac t  th a t  
n i t r o n e  (119c) [R = (S)-CH M ePh] led  to a s ing le  iso x azo lid in o n e  (121c). 
U n fo r tu n a te ly ,  h y d ro g e n o ly s is  of (121c) led  to  th e  ta s t e le s s  ( R ) -A s p -  
(S )-PheO M e (122). H ow ever,  th e  major (3 S )- iso m er  of (1 2 1 b ) ,  sep a ra b le  
from th e  minor (3 R )- iso m er  b y  c h ro m a to g ra p h y ,  led  to  th e  s w e e t - ta s t in g  
a sp a r ta m e  (S ) -A s p - (S ) -P h e O M e  (95).
T h is  w ork  h a s  e s ta b l i s h e d  a p o te n t ia l  g en e ra l  asym m etric  
r o u te  to a s p a r ty l  d ip e p t id e s  w hich does  n o t  d e p e n d  on a p ro toco l for
76
c o u p lin g  of th e  n a t u r a l  amino ac id s  a n d  does  n o t  s u f f e r  th e  problem  of 
d i f f e re n t ia t in g  b e tw ee n  th e  a -  a n d  (3-carboxyl g ro u p s  of ( S ) - a s p a r t i c  
a c id .
CHAPTER 4
C o n v e rs io n  of Amines in to  Im ines  
b y  S w e rn  O x ida tion
77
4-1 BACKGROUND
T he  S w ern  ox ida tion  of alcohols w hich  in v o lv es  d im ethy l
su lp h o x id e  (DMSO) a c t iv a te d  b y  one of a r a n g e  of e le c t ro p h i le s  is  a
widely u s e d  r e a c t io n .  I t  w o rk s  well w ith  p r im a ry ,  s e c o n d a ry ,  a lly lic ,
b e n z y l ic ,  a n d  also  h in d e re d  a lcoho ls .  C o m p ared  w ith o th e r  ox id is ing
75a g e n t s  i t  is r e la t iv e ly  to le r a n t  of ad d i t io n a l  fu n c t io n a l i ty .  T h e  
m echanism of fo rm ation  of c a rb o n y ls  u s in g  S w e rn  r e a g e n t s  is  o u tl in ed  
in  Scheme 46 a n d  in v o lv es  (a )  a c t iv a t io n  of DMSO b y  a su i ta b le  
e lec troph i l ic  r e a g e n t  (E +A ) below th e  P um m erer  r e a r r a n g e m e n t  
t e m p e ra tu re  of th e  in te rm ed ia te  (126); (b )  facile  a t t a c k  b y  an  alcohol
on th e  e le c tro p o s i t iv e  s u lp h u r  atom of th e  in te rm e d ia te  (126) w ith  loss  
of a le av in g  g ro u p  (EO ) to  form a d im e th y la lk o x y su lp h o n iu m  sa l t  (127); 
(c) b a s e ,  ty p ica l ly  t r i e  th y  la m ine, rem o v es  a p ro to n  from th e  m ethy l 
g ro u p  of (127) to form th e  y lide  (128); (d )  th e  y lid e  (128) co llapses
to ca rb o n y l  a n d  d im ethy l su lp h id e  b y  an  in t ra m o le c u la r  h y d ro g e n  
t r a n s f e r  [Schem e 46, solid  a r r o w s ] ;  (e )  y lide  (128) may a l te rn a t iv e ly  
co llapse  to m ethy l m e th y len esu lp h o n iu m  (129) a n d  a lkox ide  ions 
[Scheme 46, d o t te d  a r r o w s ] .  A lkoxide ion can  e i th e r  rem ove a p ro to n  
from th e  system  to re fo rm  alcohol o r  recom bine  with (129) to form a lkyl 
m e thy lth iom ethy l e t h e r  (130).
Of all th e  a c t iv a to r s  th u s  f a r  s tu d ie d ,  oxa ly l ch lo r id e
75 76[(C O C & ^ J  is b y  f a r  th e  most e f f ic ie n t ,  ' b a s e d  on y ie ld s  of 
c a rb o n y l s ,  s p e e d  an d  ease  of m an ipu la t ion ,  g e n e ra l  ap p l icab i l i ty  to 
v i r tu a l ly  all ty p e s  of a lcoho ls ,  r e la t iv e  in s e n s i t iv i ty  to  re a c t io n  time 
a n d  te m p e r a tu r e ,  a n d  h ig h  r e a c t iv i ty  b e tw e e n .-6 0 ° C  a n d  -20°C  in
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(126)
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v a r io u s  s o lv e n t s . S ide  re a c t io n s  a r e  minimal a n d  th e  m ethy lth iom ethy l 
e t h e r  b y - p r o d u c t  u su a l ly  com prises  no more th a n  3-4% of th e  reac tio n  
p r o d u c t .  T he  DMSO- (C O C Z) ^ r e a g e n t  is  p a r t i c u la r ly  e f f ic ien t  fo r  th e
c o r re s p o n d in g  a ld e h y d e s  p ro c e e d s  v i r tu a l ly  q u a n t i ta t iv e ly  a n d  is limited 
on ly  b y  th e  so lub il i ty  of th e  alcohol in th e  s o lv en t  sy s tem  ( C f ^ C J ^ -
DMSO) a t  low te m p e ra tu r e s .
77 13S w ern  e t  a l .  h a v e  u s e d  lo w - te m p e ra tu re  C nm r a n d  i r
co u p led  w ith chemical ev id en ce  to  show th a t  th e  a c t iv a te d  in te rm ed ia te
a r i s in g  from ad d it io n  of DMSO to  (C O C ^)^  in d ich lo rom ethane  a t  -60°C
is  (131b) w hich  is  d e r iv e d  from (131a) b y  v i r tu a l ly  in s ta n ta n e o u s  lo ss
of CO2 a n d  CO, [Schem e 47].
mild ox ida tion  of lo n g -c h a in  s a tu r a t e d  a lco h o ls . 76 C o n v e rs io n  to  th e
[M g2 S0C(0)C(0)CICI ]  
(131a)






In te rm e d ia te  (131b) is  th e  same as t h a t  o b ta in e d  b y  C orey  a n d  Kim
78 79from ch lo rine  an d  dim ethyl su lp h id e  a t  low te m p e r a tu r e .
P r io r  to th e  above w ork  S w ern  h a d  c a r r i e d  o u t  e x te n s iv e
s tu d ie s  on th e  p r e p a r a t io n  of im in o su lp h u ra n e s  from am ines u s in g
80 81a c t iv a te d  DMSO r e a g e n t s .  ’ T he  most e f f ic ien t  a c t iv a to r  fo r  th is
81t ra n s fo rm a t io n  is  t r i f lu o ro a c e t ic  a n h y d r id e  (T F A A ). T h e  mechanism 
of form ation  of im in o su lp h u ra n e s  from a ry l  am ines ,  a r y l  am ides an d  a ry l  
su lphonam ides  u s in g  DMSO-TFAA r e a g e n t  is  o u t l in e d  in Schem e 48.
DMSO a n d  TFAA re a c t  almost in s ta n t ly  an d  exo the rm ica lly  a t  -60°C  in 
d ich lo rom ethane  to g ive  th e  in te rm e d ia te  (132) w hich  is  s ta b le  below 
-3 0 °C .  On w arm ing , th e  P um m erer r e a r r a n g e m e n t  p r o d u c t  (134) form s. 
R eac tio n  of (132) w ith  c e r ta in  arom atic  am ines ,  am ides a n d  su lp h o n ­
am ides  g ives  th e  im inosulphonium  sa l ts  (133) w h ich , a f t e r  bas if ica tion  
(w hen  r e q u i r e d )  with tr ie th y lam in e  o r  5-10% a q u e o u s  sodium h y d ro x id e  
a f f o r d s  th e  im in o su lp h u ran es  (135) in  40-90% y ie ld s .  T h e  o r d e r  of 
r e a c t iv i ty  of R - N l ^  is arom atic  am ines > a ry l  su lphonam ides  > a r y l  
am ides ,  r e f le c t in g  th e  re la t iv e  nu c leo p h il ic i t ie s  of th e  amino fu n c t io n s  
in each  r e a g e n t .
Aromatic am ides a re  su f f ic ie n t ly  nuc leoph ilic  to form 
N -a c y l im in o su lp h u ra n e s  in ex ce lle n t  y ie ld  w ith th e  DMSO-TFFA r e a g e n t .  
With benzam ide ,  ad d i t io n  of b a s e  is  e s s e n t ia l  to ob ta in  th e  y lide  (137) 
from th e  N -acy lim inosu lphonium  sa lt  (136). With p -n i t ro b e n z a m id e ,  the  
y lid e  (139) p re c ip i ta te s  d u r in g  th e  r e a c t io n  a n d  does n o t  r e q u i r e  
b a s if ica t io n  to ob ta in  almost p u r e  p r o d u c t  in 90% y ie ld .  T h e  add itional 
a c id i ty  of th e  NH p ro to n  r e s u l t in g  from th e  p - n i t r o  g ro u p  s h i f t s  the  
equ ilib r ium  almost q u a n t i ta t iv e ly  from sa lt  (138) to y lide  (139).
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+  -Me2 S - 0 CF-
*  [Me2S -0-C -C F  ]  o COCFJ 3
(132)
> -3 0 ° C
RNH'
0
[Mg2 S+-N H -R ] o c o c f 3
(133)
M e-S-C H 2 0-C -C F 3
(134)
base
[R =A r\A rC ,A rS02 ]




o c o c f 3
X=H J (136) 
X =N 02  ,(138)
0
Me2 S+- N - c / > X
X=H,(137) 
X=N02 j(139)
With su lphonam ides  b as if ica t io n  is  n o t  r e q u i r e d  as  th e  NH p ro to n  is 
r e a d i ly  lo s t  a n d  th e  y l id e s  p re c ip i ta te  from th e  re a c t io n  m ix tu re .
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4 .2  THE CONVERSION OF AMINES INTO IMINES
T h e re  a r e  v e r y  few good m e th o d s , p a r t i c u la r ly  in  n o n -p o la r
82s o lv e n t s ,  fo r  amine to  imine c o n v e r s io n .  O ne of th e s e  i s  th e  elimin­
a t ion  re a c t io n  of N - s u b s t i t u t e d  am ines . Amines s u b s t i t u t e d  on the  
n i t r o g e n  b y  an ionic le av in g  g ro u p s ,  X eliminate HX eas ily ,  a n d  a C=N 
b o n d  is  fo rm ed . T h u s  N -haloam ines  a r e  c o n v e r t e d  to imines b y  alkalis  
o r  j u s t  b y  h e a t in g .  N -a ry l  su lp h o n am id es ,  e spec ia lly  N - to s y l  
d e r iv a t iv e s ,  a lso  u n d e rg o  elimination u n d e r  th e  in f lu en ce  of s t r o n g  
b a s e ,  [Scheme 49J*
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Scheme 49
T h is  rea c t io n  r e q u i r e s  an  eas ily  rem ovab le  a -h y d r o g e n  a n d  com pounds 
of th e  ty p e  R C f^N C PfO T s u n d e rg o  elim ination b y  th e  ac t ion  of a lkox ides  
in to lu en e  a t  room te m p e ra tu r e  w hen R is  a fa i r ly  s t r o n g  e le c t ro n -  
w ith d raw in g  g ro u p .  S u lphonam ides  of p r im a ry  am ines do n o t  u n d e rg o  
th i s  e lim ination, s ince  th e  N -h y d ro g e n  is  a b s t r a c t e d  b y  b a se  more easily  
th a n  th e  C - h y d r o g e n .  E liminations from s u b s t i t u t e d  am ines in w hich  
th e  le av in g  g ro u p  is on th e  a -c a rb o n  a r e  a lso  well kn o w n . T he  
elimination of w a te r  o r  an  alcohol from a - h y d r o x y  o r  a lkoxyam ines  is th e  
f ina l s te p  in th e  co n d en sa t io n  of am ines w ith  c a rb o n y l  com pounds  or 
th e i r  a c e ta ls ,  [Schem e 50].
Com pounds co n ta in in g  C=N b o n d s  a r e  only  seldom p r e p a r e d  
b y  ox ida tion  o r  d e h y d ro g e n a t io n  of am ines .  E ven  w hen C=N b o n d s  a re  
fo rm ed  in i t ia l ly ,  an d  f u r t h e r  ox ida tion  is  a v o id e d ,  th e  im ines form ed
Scheme 50
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a re  u su a lly  h y d ro ly s e d  to c a rb o n y l  com pounds  or c o n v e r t e d  in to  
s e c o n d a ry  re a c t io n  p r o d u c t s .  D e h y d ro g e n a t io n  of a s e c o n d a ry  amine 
co n ta in in g  an  a - h y d ro g e n  can  be  e f fe c te d  e i th e r  ca ta ly t ica l ly  or b y  an 
o rg a n ic  h y d ro g e n  a c c e p to r  s u c h  as  form am ide in a re a c t io n  invo lv ing  
h y d r id e  t r a n s f e r .  O xida tion  of am ines  u su a l ly  does  n o t  s to p  a t  th e  
imine s ta g e ,  b u t  p ro c e e d s  f u r t h e r  to g ive  oximes (from  p r im a ry  am ines) 
o r  n i t r o n e s  (from  s e c o n d a ry  a m in e s ) .
4. 3 CONVERSION OF INDOLINES INTO INDOLES83" 86
T he  v a r io u s  m ethods  of c o n v e r t in g  in d o l in es  in to  in d o les  h a s
8 3b e e n  re v ie w e d  b y  P re o b ra z h e n s k a y a .  T h e  m ost p o p u la r  ox id is ing  
a g e n t  is  ch lo ran il  ( te t r a c h lo ro b e n z o q u in o n e )  u s u a l ly  in a h ig h  boiling  
s o lv e n t  su c h  a s  x y le n e  s in ce  h e a t  a c c e le r a te s  th e  r a t e  of d e h y d ro g e n ­
a t io n .  I t  is  a s su m e d  th a t  th e  b e g in n in g  of th e  d e h y d ro g e n a t io n  p ro c e s s  
in v o lv es  rem oval of a h y d r id e  ion from th e  in d o l in e ,  th is  b e in g  
f a c i l i ta te d  b y  th e  h ig h  e le c t ro n -d o n o r  c a p a c i ty  of th e  ^N R  g r o u p s ,  
[Schem e 51]. T he  in te rm e d ia te  (140) t h u s  p ro d u c e d  is th e n  c o n v e r te d  
in to  indole a n d  h y d r o q u in o n e . C h lo ran il  o r  2, 3 -d ich lo ro -4 ,  5 -d icy a n o -
p -b e n z o q u in o n e  in bo il ing  x y le n e  also  c o n v e r t s  7 -aza indo lines  in to  th e
85ac o r re s p o n d in g  7 -a z a in d o le s . T h e  h ig h  r e d o x  p o te n tia l  of th e se  two
r e a g e n t s  is  s u f f ic ie n t  to  overcom e th e  in c r e a s e d  r e s i s ta n c e  to  d e h y d ro ­
g ena t ion  c a u s e d  b y  th e  e le c t ro n -w ith  d raw in g  p r o p e r t i e s  of th e  n i t ro g e n  
atom in th e  a r y l  r in g  of th e  a z a in d o l in e s . T h e  in t ro d u c t io n  of 
e le c t ro n -w ith d ra w in g  s u b s t i t u e n t s  in to  th e  b e n z e n e  r in g  of indo lines  










Some aza in d o lin es  h a v e  b e e n  c o n v e r t e d  in to  th e  aza indo le s  in good 
y ie ld  b y  t r e a tm e n t  w ith  sodium in l iq u id  ammonia.
Palladium b la c k  a n d  palladium  on ch a rc o a l  a r e  a lso  widely 
u s e d  in  th e  d e h y d ro g e n a t io n .  H y d ro g en  a c c e p to r s  s u c h  a s  n i t r o ­
b e n z e n e  or  cinnamic ac id  a r e  f r e q u e n t ly  a d d e d  in s u c h  re a c t io n s .  
T h e  c a ta ly t ic  d e h y d ro g e n a t io n  of indo lines  u s in g  R an ey  n icke l  is
/ R ‘ (PhSe0)2 0[Q.5equiv.]w




















a n o th e r  m ethod . T h is  p ro c e d u r e  c a u s e s  s im u ltan eo u s  d e h y d ro g e n a t io n  
of th e  p y r ro l in e  r in g  a n d  re d u c t io n  of a n y  o th e r  re d u c ib le  g ro u p s  su ch  
a s  halo o r  n i t r o  in th e  indo line  molecule. T h e  ox ida tion  of indo lines  
w ith  a tm o sp h er ic  o x y g en  u n d e r  v a r io u s  c o n d it io n s  is also p o ss ib le .  
O x ida tion  of indo lines  w ith m an g an ese  d ioxide  in b e n z e n e  h a s  been  
a c h ie v e d .  D in itro in d o lin es  can  be  o x id ise d  to indo les  w ith  n i t r ic  ac id ,
th e  ox ida tion  be ing  accom panied  b y  th e  n i t r a t io n  of th e  p y r r o le  r in g
8 3 86of th e  indo le .  More r e c e n t ly  B a r to n  h a s  r e p o r t e d  th a t  p h e n y l -
se len in ic  a n h y d r id e  r e a c te d  r a p id ly  w ith  indo l ines  a t  0°C to  g ive ,  w hen
th e  3 -position  is s u b s t i t u t e d ,  th e  c o r r e s p o n d in g  indo les  [Schem e 52].
When th e  3 -pos ition  is  u n s u b s t i t u t e d ,  3 -p h e n y lse le n o in d o le s  w ere
fo rm e d ,  [Scheme 53]. T h e s e  w ere  r e a d i ly  r e d u c e d  b y  n ic k e l  b o r id e  to
th e  p a r e n t  indo le .  Y ields r a n g e d  from 50-96%. T h e  w ork  p r e s e n t e d  in
th i s  c h a p te r  d e s c r ib e s  th e  mild an d  simple c o n v e rs io n  of indo lines  in to
indo les  u n d e r  s t a n d a r d  S w ern  co n d i t io n s .
4 .4  RESULTS AND DISCUSSION
S w ern  r e a g e n t s  h av e  n o t  b een  u s e d  p re v io u s ly  fo r  th e
d e h y d ro g e n a t io n  of am ines to im ines. T h is  is  s u r p r i s in g  in  view of
S w e rn ’s s u b s ta n t ia l  e a r ly  w ork  on th e  c o n v e rs io n  of amines in to  
80 81im in o s u lp h u ra n e s . ’ Of ev en  g r e a t e r  i n t e r e s t  would b e  a mild a n d
83—86simple g e n e ra l  m ethod fo r  th e  c o n v e rs io n  of indo lines  in to  indo les .
T h e  S w ern  ox ida tion  h a s  now b e e n  e x te n d e d  v e r y  s u c c e s s fu l ly  to 
accom plish  th is  t r a n s fo rm a t io n .  T h u s ,  indo line  (141) a n d  2-m ethy l-  
indo line  (142) w ere c o n v e r t e d  in to  indole (143) a n d  2-m ethy lindo le  (144) 



























eac h  c a s e ,  a p a r t  from a b o u t  1% of u n c h a n g e d  indo l ine ,  w ere th e  m ethyl-
th iom ethy l am ines (145) a n d  (146 ) .  T h e  r e a c t io n s  w ere  c a r r i e d  out
u n d e r  th e  same c o n d it io n s  a s  fo r  th e  c o n v e rs io n  of alcohols  to c a rb o n y ls
7 R 7A
u s in g  DMSO a c t iv a te d  b y  (C O C ^ )^  ’ ( s e e  E x p e r im e n ta l ) .  Y ields of
indo le  (143) a n d  2 -m ethy lindo le  (144:) w ere  o b ta in e d  b y  glc a n a ly s is  
(2% SE 52 on GCQ a t  115°C) of th e  to ta l  c ru d e  p r o d u c t s .  T h e  reac t io n  
m ix tu re  r e s u l t in g  from t r e a tm e n t  of indo line  (141) w ith  th e  DMSO- 
(COCJO2 r e a g e n t  c o n s is te d  of indole  (143) [87.5%], th e  m ethy lth iom ethy l 
amine (145) [11.2%] a n d  indo line  (141) [1.3%]. B u lb - tu b e  d is ti l la tion  
a f fo rd e d  indole w hich was id e n t ic a l  (m p , g lc ,  n m r ,  ms) w ith  an  
a u th e n t ic  spec im en , a n d  a r e s id u e  c o n s is t in g  e s s e n t ia l ly  of th e  b y - p r o d u c t  
(145 ) .  2-M ethylindoline (142) s im ilarly  a f fo rd e d  2 -m ethy lindo le  (144) 
[88.3%] a n d  th e  oily b y - p r o d u c t  (146) [10.6%] w hich  w ere  s e p a ra b le  by  
c h ro m a to g ra p h y  o v e r  SiC^-
T h e  m echanism  of fo rm ation  of indo le  (143) a n d  2-m ethylindole 
(144) a n d  th e  m e thy lth iom ethy l am ines (145) a n d  (146) u n d e r  Sw ern  
co n d i t io n s  is  p re s u m a b ly  a n a lo g o u s  to  th e  mechanism of fo rm ation  of 
c a rb o n y ls  a n d  m e thy lth iom ethy l e t h e r s  from alcohols u n d e r  th e  same 
c o n d it io n s  [ c f . Schem e 46]. T h e  s u c c e s s  of th e  re a c t io n s  is  p ro b a b ly  
d u e  to th e  low b a s ic i ty  of (141) a n d  (142) allowing nuc leo p h il ic  a t ta c k  
a t  th e  e le c tro p o s i t iv e  s u lp h u r  atom of th e  a c t iv a te d  in te rm e d ia te .  In  
b o th  c a se s  th e  in d o le n in e s  (147) a n d  (148) a r e  l ike ly  to  b e  fo rm ed  
in i t ia lly  followed b y  ta u to m er isa t io n  to indole (143) a n d  2 -m ethylindole  
(144) r e s p e c t iv e ly .
D ibenzylam ine (149) b y  th e  same p r o c e d u r e  a f fo rd e d  th e  
S ch if f  b a se  (151) [63.4%], id e n tica l  ( i r ,  n m r ,  ms) w ith  an  a u th e n t ic
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sample p r e p a r e d  from benzy lam ine  a n d  b e n z a ld e h y d e , a n d  re a d i ly  
s e p a r a t e d  b y  b u lb - t u b e  d is ti l la tion  from th e  m e thy lth iom ethy l amine (153) 
[36.6%]. S im ilarly , p h en y lb en zy la m in e  (150) a f fo rd e d  th e  S ch if f  b a se  
(152) [52.5%] a n d  th e  m e thy lth iom ethy l amine (154) [47.5%] w hich  w ere  
in s e p a ra b le .  In  th e  c a se s  of b o th  d ibenzy lam ine  (149) a n d  p h e n y l ­
benzy lam ine  (150 ) ,  p r o d u c t  y ie ld s  w ere b a s e d  on nm r (90 MHz) 
a n a ly s is  of th e  c r u d e  m ix tu re s .
In  no c a s e ,  d id  a v a r ia t io n  in  s o lv e n t ,  a c t iv a to r  o r  th e  u s e  of 
b a s e s  o th e r  th a n  t r ie th y la m in e  le ad  to  im p ro v ed  y ie ld s .
4 .5  SUMMARY
T he  S w e rn  ox ida tion  h a s  b e e n  v e r y  su c c e s s fu l ly  a p p l ie d ,  fo r
th e  f i r s t  time, to th e  c o n v e rs io n  of am ines in to  im ines .  T h is  t r a n s fo rm -
82a t io n  com pares  f a v o u ra b ly  w ith  th e  few e x is t in g  m e th o d s .  T h e  
p r o c e d u r e  also  p ro v id e s  a mild a n d  simple g e n e ra l  m ethod  fo r  th e  
c o n v e rs io n  of indo l ines  in to  indo les  in  e x c e l le n t  y ie ld s .
EXPERIMENTAL
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G enera l  E xperim en ta l  P ro c e d u re
All m elting  p o in t s  (mp) w ere  d e te rm in e d  on  a K ofler h o t - s ta g e
a p p a r a tu s  a n d  a r e  u n c o r r e c t e d .  R ou tine  i n f r a - r e d  ( ir )  s p e c t r a  w ere
r e c o r d e d  on a P e rk in -E lm er  983 s p e c t ro p h o to m e te r .  R o u tin e  ^H nm r
s p e c t r a  w ere  r e c o r d e d  in d eu te ro ch lo ro fo rm  (u n le s s  o th e rw is e  in d ica te d )
u s in g  te t ra m e th y ls i la n e  (TMS) as  in t e r n a l  s t a n d a r d  on a P e rk in -E lm er
R32 (90 MHz) s p e c t ro m e te r .  nm r s p e c t r a  w ere  also r e c o r d e d  a t
200 MHz on a B r u k e r  WP 200 SY s p e c t ro m e te r ,  em ploy ing  a deu te r iu m
lock  sy s te m , s e t t in g  ch loroform  (CHCH^) i*1 CDC£^ a t  67 .25  as  in te rn a l
13s t a n d a r d .  P ro to n  n o is e -d e c o u p le d  C nm r s p e c t r a  w ere  r e c o r d e d  a t  
55 MHz on th e  B r u k e r  WP 200 SY s p e c t ro m e te r ,  in d e u te ro ch lo ro fo rm , 
s e t t in g  th e  r e f e r e n c e  C D C J^  s ig n a l  a t  5 77 .0 .  R o u tin e  m ass  s p e c t r a  
(m s) w ere  r e c o r d e d  u s in g  a V G /K ra to s  MS 12 s p e c t ro m e te r .  High 
re s o lu t io n  s p e c t r a  w ere  r e c o r d e d  on a V G /K ra to s  MS 902S s p e c tro m e te r .
Gas c h ro m a to g ra p h y  (g c )  was c a r r i e d  o u t  on a P e rk in -E lm er  
F33 o r  F l l  Gas C h ro m a to g ra p h  u s in g  th e  column p a c k in g s  in d ic a te d  
a n d  th e  d a ta  r e c o r d e d  as  r e te n t io n  time ( t  ) o r  K ovats  In d e x  ( I ) .  
C ap i l la ry  gas  c h ro m a to g ra p h y  was c a r r i e d  ou t on a H ew lett P a c k a rd  
5880A GC in s t ru m e n t  w ith  dual c a p i l la ry  colum ns a n d  FID d e te c to r s .
T h e  cap i l la ry  columns u s e d  w ere  f u s e d  silica c a p i l la ry  25m x  0.32mm 
( in t e r n a l  d iam ete r)  SE 54 (GCQ, N o r th w ich ,  C h e s t e r ) .  T h e  sample 
was in je c te d  v ia  G ro b - ty p e  in je c to rs  o p e r a t e d  in  s p l i t  mode (50 :1)  using  
helium a s  b o th  c a r r i e r  an d  m ak e-u p  gas  (flow r a t e  3 ml min * a n d  25 
ml min  ^ r e s p e c t iv e ly ) .  G c-ms was p e r fo rm e d  w ith  an  LKB 9000 
in s t ru m e n t  f i t te d  w ith D B-1 fu s e d - s i l i c a  cap i l la ry  colum n, 60m x  0.30mm 
( in te r n a l  d iam eter)  [ J .  a n d  W. S c ie n tif ic ,  R ancho  C o rd o v a ,  CA, USA]
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a n d  a falling need le  in je c to r .  Helium was u s e d  b o th  a s  a c a r r i e r  a n d  
m a k e-u p  gas  (flow r a t e s ,  7 ml min m e a su re d  a t  am b ien t te m p e ra tu re ,  
a n d  25 ml min  ^ r e s p e c t iv e ly )  . Mass s p e c t r a  w ere  r e c o r d e d  u n d e r  
e le c t ro n  im pact con d it io n s  (20 eV ); a c c e le ra t in g  v o l ta g e ,  3 .5  kV; 
t r a p  c u r r e n t ,  60 nA; s o u rc e  a n d  s e p a r a to r  t e m p e r a tu r e s ,  260°C.
O ptical r o ta t io n s  w ere  m e a su re d  on an  O ptica l A c tiv i ty  AA-100 
p o la r im e te r .
Column c h ro m a to g ra p h y  was p e r fo rm e d  a c c o rd in g  to  th e  
47m ethod  of Harwood u s in g  F lu k a  K iese lge l A na ly t ica l  th in
la y e r  c h ro m a to g ra p h y  ( tic )  was p e r fo rm e d  u s in g  p r e c o a te d  M erck 
K iese lge l 60 ^ 2 5 4   ^ x  20 cm p la s t ic - b a c k e d  p la te s  (0 .2  mm).
P u r if ic a t io n  a n d  D ry in g  of S o lv en ts
S o lv en ts  a n d  r e a g e n t s  w ere  d r ie d  a n d  p u r i f i e d  p r io r  to  u s e  
a s  follows: 2 ch lo ro a c ry lo n i tr i le  (A ld r ich )  was d is t i l le d  (b p  88-89°C,
a tm . p r e s s . )  immediately p r io r  to u s e ;  d ich lo rom ethane  w as d is t i l led  
o v e r  P 2O 5 a n d s to r e d  o v e r  m olecular s ie v e s  (4A ); dime th y  lsu lp h o x id e  
(DMSO) was d r ie d  o v e r  m olecular s ie v e s  (4A) th e n  d is t i l le d  u n d e r  
r e d u c e d  p r e s s u r e  (bp  75°C a t  12 t o r r ) ; e th e r  ( E t2 0 ) was d is t i l le d  
from so d iu m -b e n zo p h en o n e  im mediately b e fo re  u s e ;  p y r id in e  was d r ie d  
b y  r e f lu x in g  w ith so lid  KOH followed b y  f ra c t io n a l  d is t i l la t io n  (b p  115°C 
atm . p r e s s . )  a n d  s to r e d  o v e r  m olecular s ie v e s  (4 A ).
CHAPTER 1
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B enzaldoxim e (48)
B e n z a ld e h y d e  ( 10g , 0.09 mol) was d is so lv e d  in a q u e o u s  
m ethanol (100 m l). H ydroxy lam ine  h y d ro c h lo r id e  (6 .5 5 g ,  0 .09  mol) 
a n d  a n h y d ro u s  sodium b ic a rb o n a te  ( 8 .7 0 g ) ,  0 .1  mol) w ere  a d d e d  a n d  
th e  r e s u l t in g  so lu tion  was h e a te d  a t  80°C w ith  s t i r r i n g  fo r  3h. T he  
so lu tion  was r e d u c e d  in  volume to  ap p ro x im a te ly  50 ml, a d d e d  to w a te r  
(150 m l), an d  th e n  e x t r a c te d  w ith e th y l  a c e ta te  (3 x  100 m l) .  T he  
com bined  o rg an ic  l a y e r s  w ere  d r ie d  w ith  a n h y d r o u s  N a2SO^, f i l te re d  
a n d  e v a p o ra te d  in v acu o  to  g ive  benza ldox im e a s  a l ig h t  yellow oil 
(1 0 .1 2 g ,  93%) w hich  was u s e d  w ith o u t p u r i f i c a t io n .
XH nmr <5(CDC£3) : 7 .3 0 -7 .7 1  (5H, m, C ^ H g ) , 8 .17  (1H, s ,
P h C H ) , 8 .59  (1H, b r . s ,  O H ).
21N -B en zy lh y d ro x y lam in e  (49)
Benzaldoxim e ( 6g , 0 .05 mol) was d is so lv e d  in  m ethanol (50 ml) 
co n ta in in g  a t r a c e  of b rom ocreso l  g r e e n  in d ic a to r  a n d  to th i s  so lu tion  
was a d d e d  sodium c y a n o b o ro h y d r id e  (2 .0 3 g ,  0.03 m ol). A so lu tion  of 
2N HC£-MeOH was a d d e d  d ro p  wise w ith  s t i r r i n g  u n t i l  th e  so lu tion  
tu r n e d  yellow. A dditional 2N HC£-MeOH was a d d e d  as  r e q u i r e d  to 
m ain ta in  th e  yellow co lo u r .  A f te r  2h , th e  m ethano l was rem o v ed  in 
v a c u o . T he r e s id u e  was d is so lv ed  in  w a te r  (20 ml) a n d  5N NaOH 
a d d e d  -until th e  pH e x c e e d e d  9. T h e  b as ic  so lu tion  was th e n  e x t r a c te d  
w ith  chloroform  (4 x  50 m l). T he  com bined  o rg a n ic  l a y e r s  w ere  d r ie d  
w ith  a n h y d ro u s  N a2SO^ an d  th e  so lv e n t  rem o v e d  in vacuo  to give an  
oil w hich was c ry s ta l l i s e d  from h e x a n e  to  g ive  N -b e n zy lh y d ro x y lam in e
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as a w hite  c ry s ta l l in e  solid  (4 .7 4 g ,  77%), mp 38-39°C ( l i t . 21 37°C).
XH nm r 6 (CDC&3) : 3.96 (2H, s ,  P h C H 2) ,  6 .54  (2H, b r . s ,  
NH+OH), 7.30 (5H, s ,  C ^ ) .
23(S ) - ( - ) -q -M e th y lb e n z y lh y d ro x y la m in e  ox a la te  s a l t  (56)
A m ix tu re  of (S ) - ( - ) -q -m e th y lb e n z y la m in e  (20g , 0.165 mol), 
p - a n is a ld e h y d e  (26g , 0 .19  mol), a n d  a n h y d ro u s  MgSO^ (30g) in d ich lo ro -  
m ethane  (150 ml) was s t i r r e d  u n d e r  a rg o n  a t  room te m p e ra tu r e  o v e rn ig h t .  
T h e  m ix tu re  was th e n  f i l te re d  t h r o u g h  a p a d  of MgSO^ w ash ing  w ith  
100 ml d ic h lo ro m e th a n e . T he  f i l t r a te  was t r a n s f e r r e d  to  a 500 ml 
r o u n d  bottom f la sk  a n d  cooled to 0°C u n d e r  a rg o n  w ith  s t i r r i n g .  
m -C h lo ro p er  b en  zoic ac id  (37g , 0 .22 mol) s lu r r i e d  in d ich lo rom ethane  
(80 ml) was a d d e d  a n d  th e  m ix tu re  s t i r r e d  a t  0°C fo r  l h  th e n  a t  20°C 
fo r  2h. T he m ix tu re  was f i l te r e d  a n d  th e  f i l t r a te  w ash ed  su c c e ss iv e ly  
w ith  0.5M N a2S 0 3 (150 m l), 0.5M K^CO^ (150 m l), w a te r  (100 ml) an d  
d r ie d  w ith a n h y d ro u s  MgSO^. Removal of so lv e n t  in  vacuo  a f fo rd e d  
th e  c ru d e  oily o x az ir id in e  (54) [ 4 3 .4g] w hich was d is so lv e d  in ab so lu te  
EtOH (200 ml). T h e  so lu tion  was cooled to  0°C u n d e r  a rg o n  with 
s t i r r i n g  a n d  h y d ro x y lam in e  h y d ro c h lo r id e  (16g , 0.23 mol) a d d e d .  T he  
so lu tion  was allowed to  warm to  room te m p e ra tu r e  a n d  le f t  to s t i r  
o v e r n ig h t .  Chloroform  (100 ml) was a d d e d  to p r e c ip i ta te  e x c e ss  
h y d ro x y lam in e  h y d ro c h lo r id e .  A fte r  2h th e  m ix tu re  was f i l te re d  an d  
th e  so lv en ts  rem oved  in  v acu o .  T he r e s id u e  was ta k e n  up  in w a te r  
(200 ml) a n d  w ash ed  w ith  E t20  (2 x  100 m l). T he  aq u e o u s  p h a s e  was 
t r e a t e d  w ith s a tu r a t e d  NaHCO^ (150 ml) a n d  e x t r a c t e d  w ith  E t20
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(5 x  100 ml). T h e  com bined o rg an ic  e x t r a c t s  w ere  d r ie d  o v e r  
a n h y d ro u s  N a2SO^ a n d  f i l te r e d  in to  a f la sk  co n ta in in g  a n h y d ro u s  oxalic 
ac id  (1 8 .9 g ,  0 .21 mol) d is so lv ed  in E t 20 (150 m l). T h e  p r e c ip i ta te d  
sa l t  was f i l te r e d  a n d  r e c r y s ta l l i s e d  from EtOH-MeOH to  give  oxa la te  
(56) [S] as  a w hite  c ry s ta l l in e  solid ( 2 1 .7g, 58%), mp 179-181°C 
( l i t . 23 177-180°C ).
XH nm r 6 (C D 3OD) : 1.69 (3H, d ,  J= 7 .0  Hz, CH3C H P h ) ,
4 .51 (1H, q ,  J = 7 .0 Hz, CH 3C H P h ),  7 .3 5 -7 .7 0  (5H, m,
W *
(R )-(+ )-a r-M e th y lb en zy lh y d ro x y lam in e  o x a la te  s a l t  (56)
(R )- (+ ) -a -M e th y lb e n z y la m in e  a f fo rd e d  ox a la te  (56) [R] b y  
t h e  above  p r o c e d u r e 23 (52%), mp 176-179°C.
CHAPTER 2
(N -B e n z y lo x y c a rb o n y l) - 4 - Amino- 1 -b u tan o l  (83)
4 -A m ino-1 -bu tano l (3g ,  33 .7  mmol) was d is so lv e d  in 5N NaOH 
(50 ml) a n d  th e  so lu tion  s t i r r e d  a t  0°C . B en zy l  ch lo ro fo rm ate  (4 .8  ml, 
33 .7  mmol) was a d d e d  d ro p w ise  o v e r  a 15 min p e r io d .  T h e  re a c t io n  
m ix tu re  was s t i r r e d  a t  0°C fo r  a f u r t h e r  90 min w ith  th e  ad d i t io n  of 
su f f ic ie n t  m ethanol to e n s u r e  a hom ogeneous so lu t io n .  T h e  so lu tion  
was th e n  n e u t r a l i s e d  w ith  IN HC£ a n d  e x t r a c t e d  w ith  e th y l  a ce ta te  
(2 x  100 m l). T he  com bined o rg a n ic  e x t r a c t s  w ere  w ash ed  w ith  w ate r  
(100 m l) ,  d r ie d  with a n h y d r o u s  Na^SO^ a n d  e v a p o ra te d  in  vacuo  to  give 
a yellow solid  which was r e c r y s ta l l i s e d  from E t 20 -C H C £ 3 to  g ive  th e  
b e n z y l  ca rbam ate  (83) [4 .8 g ,  64%], mp 58-61°C.
i r  V ( C H C £ J  : 1515, 1715 cm” 1 , max 3
XH nm r S (C D C £ 3): 1 .50 (4H, m, CH 2CH 2CH 2O H ) , 2 .6 1 .(1 H ,
b r . s ,  O H ), 3 .15 (2H, m, CH2O H ), 3 .58 (2H, m, NHCH2) ,
6.62 (1H, s ,  N H ), 5 .06 (2H, s ,  P h C H 2) ,  7.30 (5H, s, C 6H5).
[M]+ 223.1214 ; C ^2H ^ N 0 3 r e q u i r e s  223.1208.
(N -B e n z y lo x y c a rb o n y l) -4 -A m in o - l -b u ta n a l  (84)
O xalyl ch lo ride  (0 .86  ml, 9 .9  mmol) was d is so lv e d  in d ry  
CH2C £ 2 (40 ml) a n d  th e  so lu tion  cooled to -60°C  w ith  s t i r r i n g .
D im ethyl su lp h o x id e  (1 .4 1  ml, 19.8 mmol) in d r y  C H 2C £2 (5 ml) was 
a d d e d  d ropw ise  o v e r  10 min a n d  th e  so lu tion  s t i r r e d  fo r  a f u r t h e r  
3 min. Alcohol (83) [2g ,  9 mmol] was d is so lv e d  in  a minimum volume 
of CH2C £ 2 an d  a d d e d  d ropw ise  o v er  15 min. T he  so lu tion  was s t i r r e d  
fo r  a f u r t h e r  15 min m ain ta in ing  th e  t e m p e ra tu r e  a t  -60 °C .
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T rie th y la m in e  (6 .3  ml, 45 mmol) w as a d d e d  d ro p w ise  o v e r  10 min.
Water (30 ml) was a d d e d  a n d  th e  m ix tu re  s h a k e n  v ig o ro u s ly .  T he  
o rg an ic  la y e r  was s e p a r a t e d  an d  d r ie d  w ith  a n h y d r o u s  Na2SO^.
Removal of so lv en t in vacuo  a t  20°C a f fo rd e d  th e  a ld e h y d e  (84) a s  an  
u n s ta b le  l ig h t  yellow oil (1 .9 6 g ,  98%) w hich  was im mediately u s e d  
w ithou t p u r i f ic a t io n .
1H n m r <5(CDC&3) : 1.85 (2H , m, C H 2C H 2C H O ), 2 .54 (2H, 
t ,  J=6 . 5 Hz, CH2CH O ), 3 .25  (2H, m, NHCH2) ,  5 .09  (2H, s ,  
PhC H 2), 5 .54 (1H, b r . s ,  N H ) , 7 .31  (5H, s ,  C ^ ) , 9.80 
(1H, s ,  CH O ).
N itro n e  (85)
T h e  u n s ta b le  a ld e h y d e  (8 4 ) ,  p r e p a r e d  a s  above  (1 .9 6 g ,  8 .8
mmol) was im mediately r e d is s o lv e d  in  C H 2C &2 (40 m l) .  ( R ) - ( + ) - a -
M eth y lb en zy lh y d ro x y lam in e  oxa la te  (56) [ 2 .0 g ,  8 .8  mmol] was a d d e d  to
th e  so lu tion  followed b y  tr ie th y lam in e  (1 .4  ml, 9 .7  mmol). T h e  so lu tion
was s t i r r e d  a t  20°C fo r  5h, d i lu te d  w ith  m ore CH 2C &2 (50 ml) a n d
w ash ed  w ith  w a te r  (3 x  50 m l). T h e  o rg a n ic  la y e r  was d r ie d  with
a n h y d r o u s  N a2SO^ a n d  s o lv e n t  rem o v ed  in v acu o  to leave  a w hite  solid
w hich was r e c r y s ta l l i s e d  from E t 20 - C H C £ 3 to  g ive n i t r o n e  (85) as  a
w hite  c ry s ta l l in e  so lid  (2 .7 3 g ,  91%), mp 92-96°C, [ ot]D - 7 .2 8 °
(C = 0 .02, EtOAc) .
i r  v (C H C & J : 1515, 1710 cm” 1 , max 3
1H nm r (200 MHz) <5(CDC£3) : 1 .67  (2H, q u in , J=6 .70  Hz, 
NHCH2CH 2) ,  1.76 ( 3H, d ,  J= 7 .0  Hz, CH3C H P h ) , 2.47 (2H, 
q ,  J=6 . 5 H z , CH 2C=N), 3 .12  (2H, m, NHCH2) , 4 .95 (1H, q ,
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J = 7 .0 Hz, CH 3C H P h ),  5.06 (2H, s ,  P h C H 2) , 5.76 (1H, b r . s ,  
N H ), 6 .77  (1H, t ,  J= 6 .70 Hz, H -C =N ), 7 .1 5 -7 .5 0  (10H, m,
2 x  C 6H 5) .
13C nm r S(CDCJ>3) : 18.96 (C H 3C H ) , 23.50 (NHCH2CH 2) , 
23.50 (NHCH2CH 2) ,  26.15 (C H 2CH=N), 40.05 (N HCH 2) ,
66.39 (P h C H 2) ,  73.51 (C H 3C H ),  127 .20-138.13  ( C ^ ) ,
136.64 (C=N ), 156.49 (C O N H ).
[M ]+ 340.1793; C 2QH2 ^ 2 ° 3  reclu i r e s  340.1787.
[F o u n d ,  C 70.78, H 7 .13 ,  N 8.13%; C 20H2^N 2 ° 3  r e q u i r e s
C 70 .80 , H 7 .10 ,  N 8.19%].
5-A cetoxy isoxazo lid ine  (86)
N itrone  (85) [1 .5 g ,  4 .4  mmol] was d is s o lv e d  in v in y l  a c e ta te
(50 ml) a n d  th e  so lu tion  h e a te d  to  r e f lu x  w ith  ex c lu s io n  of l ig h t  u n d e r
a n  a rg o n  a tm o sp h e re  fo r  I6h .  Rem oval of e x c e s s  v in y l  a c e ta te  in
v acu o  a f fo rd e d  th e  c r u d e  isoxazo lid ine  (86) a s  a m ix tu re  of fo u r
d ia s te reo isom eric  C -5  a c e ta te s  w hich  w ere  c le a r ly  s e p a ra b le  b y  silica
gel c h ro m a to g ra p h y  in to  two p a i r s  (o v e ra l l  y ie ld  68%).
T h u s ,  35-40% E tO A c-h ex an e  e lu te d  th e  major p a i r  (86 B+D)
[0 .8 5 g ]  h a v in g  th e  (3R) c o n f ig u ra t io n .
i r  V ( C C i A) : 1510, 1730, 1750 cm” 1 , max 4
1H n m r (200 MHz) 6 (C D C £9) : 1 .0 1 -1 .6 2  (2H, 2 x  m, 
CH 2CHN + 3H, 2 X  d ,  CH3CHN + 2H, 2 x  m, C H 2CH 2N H ), 
1.95 (1H , 2 x  m, CH H C O C O ), 2.02 + 2.10 (3H, 2 x  s ,
— — A B —
COCH3) ,  2 .50  (1H, 2 X  m ,  CH H C O C O ), 2 .7 0 -3 .3 1  (2H,
2 x  m, NHCH2 + 1H, 2 x  m, C H N ), 3 .78  + 4 .00  (1H , 2 x  q ,
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P h C H N ), 4.68 (1H, 2 x  m, N H ) , 5 .05 (2H, 2 x  s ,  P h C H ^ ,
6.41 (1H, 2 x  m, CH 2CH O ), 7 .0 9 -7 .4 1  (10H, 2 x  m, C ^ ) .
13C n m r 6 (C D C £ 3) : 20.68 + 19.90 ^ C H ^ H N ) , 21.28 + 21.41 
(COCH3) ,  26.75 + 26.33 (C H 2C H 2N H ), 31.34 + 33.12 
(CH2CH N ), 39.63 (C H 2CO CO ), 40.36 + 40.37 (C H 2N H ) ,
60.66 + 61.51 (C H 2C H N ), 66.42 (P h C H z ) ,  66.82 + 67.23 
(CH3C H N ), 96.55 + 98.89 (C H O C O ), 127.17 -  142.63 ( C ^ ) , 
156.19 (CO N H ), 170.15 + 170.84 (CO CH 3) .
+ Major followed b y  m inor.
[M]+ 426.2185; ^ 2 4 ^ 3 0 ^ 2 ^ 5  re<4u r^ e s  426.2155.
45-55% E tO A C -h ex an e  e lu te d  th e  m inor p a i r  ( 86 A+C) [0 .38g ]
h a v in g  th e  (3S) c o n f ig u ra t io n .
i r  v (C C & J  : 1510, 1730, 1750 cm "1, max 4
1H nm r (200 MHz) S(CDC&3) : 1 .28  -  1.86 (2H, 2 x  m, 
CH2CHN + 3H, 2 x  d ,  CH 3CHN + 2H, 2 x  m, CH 2CH 2N H ) ,
1.89 + 2.03 (3H, 2 x  s, COCH3) , 2 .20 (1H, 2 x  m, 
c Ha H b COC° ) ,  2 .81 (1H, 2 x  m, CHa Hb C O C O ),  3 .05  -  3 .45 
( 2H, 2 x  m, NHCH2 + 1H, 2 x  m, CH 2C H N ), 3 . 95 + 4.05 (1H,
2 x  q ,  P hC H N ), 4 .91 (1H, 2 x  m, NH) , 5.09 (2H, 2 x  s ,  
P hC H 2) ,  6 .20  (1H, 2 x  m, CH 2C H O ), 7 .25 -  7 .34 (10H, 2 x  m,
C 6«5> *
13C nm r 6 (C D C ^ 3) : 19.90 + 2 1 .90+ (C H 3CH N ), 21.33 +
21.17 (COCH3) ,  27.08 + 26.62 (C H 2C H 2N H ), 30.42 + 31.19 
(C H 2C H N ), 40.76 (C H 2CO CO), 41.38 + 41.48  (C H 2N H ) , 60.09 + 
59.91 (C H 2CH N ), 64.05 + 65.13 (C H 3C'HN), 66.53 (P hC H 2) ,
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95.63 + 96.88 (CH O CO ), 127.03 -  142.33 ( C ^ ) ,  156.30 +
156.37 (C O N H ), 170.38 + 169.81 (COCH3) .
t  Major followed b y  m in o r .
[M] 426.2155; ^ 2 4 ^ 3 0 ^ 2 ^ 5  reclu r^ e s  426.2155.
5 -H ydroxy isoxazo lid ine  (87 ):  G enera l  P ro c e d u r e  fo r  th e  H y d ro ly s is
48of Isoxazo lid ine  A ce ta te s  (86)
T he  a ce ta te  ( 0 .5 g ,  1 .17  mmol) w as d is s o lv e d  in a q u eo u s  
m ethanol ( a p p ro x .  10:1 M e O H -^ O )  c o n ta in in g  p o ta ss iu m  c a rb o n a te  
(0 .0 8 3 g ,  0.59 mmol) a n d  th e  r e s u l t in g  so lu tion  s t i r r e d  a t  room te m p e r ­
a t u r e  fo r  l h .  T he  s o lv e n t  was rem o v e d  in  v acu o  a n d  th e  r e s id u e  
d is s o lv e d  in w a te r  (30 m l) .  T h e  a q u e o u s  so lu tion  w as e x t r a c t e d  w ith  
E t2 0  (3 x  40 ml) . T h e  com bined  o rg a n ic  l a y e r s  w ere  d r ie d  w ith  
a n h y d r o u s  N a2SO^ a n d  e v a p o ra te d  to  leave  th e  isoxazo lid ino l a s  a 
co lo u r le s s  foam (> 90%) w hich was u s e d  w ith o u t p u r i f i c a t io n .
T h u s  a ce ta te  m ix tu re  (86 B+D) a f fo rd e d  th e  c o r re s p o n d in g  
isoxazolid inol m ix tu re  (87 B+D) h a v in g  th e  (3R) c o n f ig u ra t io n  while th e  
a c e ta te  m ix tu re  (86 A+C) a f fo rd e d  isoxazo lid ino ls  (87 A+C) h a v in g  th e  
(3S) c o n f ig u ra t io n .  T h e  ^H nm r (90 MHz) s p e c t r a  of b o th  m ix tu re s  
d isp la y e d  m u ltip le ts  a t  6 (CDC&3) 5.35 (1H, m, OCHOH) fo r  (87 B+D) 
a n d  5.61 (1H, m, OCHOH) fo r  (87 A +C ). T h e  i r  s p e c t r a  of b o th  
m ix tu re s  show ed  f re e  a n d  b o n d e d  h y d ro x y l  a b s o rp t io n  a t  3600 a n d  
3400 cm \
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49Isoxazo lid inones  (88): Collins O x idation  of Isoxazo lid ino ls  (87)
A so lu tion  of d ry  p y r id in e  (0 .7 4 g ,  9 .36  mmol) in d r y
d ich lo rom ethane  (20 ml) was cooled to  0°C w ith  s t i r r i n g .  Chromium
tr io x id e  (0 .4 7 g ,  4.68 mmol) was a d d e d  a n d  th e  deep  b u r g u n d y  so lution
was s t i r r e d  a t  0°C fo r  a f u r t h e r  10 min b e fo re  allow ing to  warm to room
te m p e ra tu r e .  T h e  a p p ro p r ia te  isoxazo lid ino l m ix tu re  ( 0 .3 g ,  0 .78  mmol)
in  d ich lo rom ethane  (5 ml) w as a d d e d  all a t  once a n d  th e  m ix tu re
allowed to s t i r  fo r  a f u r t h e r  30 min. S a tu r a t e d  a q u e o u s  NaHCO^
(15 ml) was a d d e d  to  th e  so lu tio n .  T h e  o rg an ic  la y e r  was s e p a r a te d ,
d r ie d  w ith  a n h y d r o u s  N a2SO^, a n d  s o lv e n t  rem oved  in  v acu o  to  leave
a b la ck  r e s id u e .  E th y l  a c e ta te  (50 ml) was a d d e d  a n d  th e  so lu tion
f i l t e r e d  th r o u g h  a s h o r t  column of silica  ge l .  T h e  r e s id u e  was
th o ro u g h ly  w ashed  w ith  f u r t h e r  p o r t io n s  of EtOAc (3 x  20 ml) a n d
f i l t e r e d .  T h e  com bined  f i l t r a te s  w ere  e v a p o ra te d  to  le a v e  a n  o ra n g e
oil w hich  was p u r i f i e d  b y  silica gel c h ro m a to g ra p h y  (40% E tO A C /h e x an e)
a f fo rd in g  th e  isoxazo lid inones  (8 8 ) .
T h u s  (87 B+D) a f fo rd e d  (3 R ) - (8 8 )  [0 .1 1 4 g , 38%].
i r  v (C C J^)  : 1510, 1725, 1790 cm "1 , max 4'
1H nm r (200 MHz) 6 (C D C £ 3) : 1 .2 3 -1 .5 1  (2H, m, CH2CH 2 
NH + 2H, m , CH2CH N ), 1 .53 (3H, d ,  J= 7 .0  Hz, CH3C H ),
2 .35 (2H, m, CH2C O ), 3 .30 (2H, m, CH 2N H ), 3 .54  (1H, m, 
CH 2CH N ), 4 .00  (1H, q ,  J= 7 .0  Hz, CH3C H ),  4.70 (1H, m, 
N H ), 5.06 (2H, s ,  P h C H 2) , 7.36 (10H, m, C ^ ) .
13C n m r S(CDCJl3) : 20.53 (C H 3CH N ), 26.66 (C H 2CH 2N H ) , 
31.57 (CH 2CH N ), 39.69 (C H 2C O ), 40.27 (C H 2N H ) , 60.08
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(C H 2C H N ), 66.60 (P h C H 2) ,  66 .83 (C H 3C H N ), 127.23-140.44 
(C 6H 5) ,  156.27 (CO N H ), 176.52 (C H 2C O ).
[M ]+ 382.1894; C ^ H ^ N ^  r e q u i r e s  382.1893.
Isoxazo lid ino ls  (87 A+C) a f fo rd e d  ( 3 S )-(8 8 )  [0 .1 3 g ,  43%].
i r  v (CCJL.): 1510, 1730, 1790 cm "1 .max 4
XH nm r (200 MHz) 6 (C D C & 3) : 1 .4 0 -1 .7 8  (2H, m, C H 2CH 2NH 
+ 2H, m, CH 2CH N ), 1.60 (3H , d, J= 7 .5  Hz, CH3C H ), 2.30 
(2H, m, CH 2C O ), 3 .21 (2H, m, C H 2N H ) , 3.35 (1H , m, CH 2 
CHN) ,  4 .04  (1H, q ,  J = 7 . 5 H z, CH 3C H ), 4 .81  (1H , m, N H ) , 
5.10 ( 2H, s ,  P h C H 2) ,  7.26 (5H , s ,  C ^ H ^ ,  7 .33 (5H, m,
C 6«5) *
13C nmr 6 (C D C £ 3) : 19.72 (C H 3C H N ), 26.88 (C H 2CH 2N H ) , 
31.89 (CH 2CH N ), 40.58 (C H 2C O ),  40.63 (C H 2N H ) , 60.74 
(CH 2CH N ), 65.31 (C H 3C H N ), 66.72  (P h C H 2) ,  128 .09-138 .09  
(C 6H 5) ,  156.41 (C O N H ), 175.24 (C H 2C O ) .
[M ]+ 382.1912; ^ 2 2 ^ 2 6 ^ 2 ^ 4  re<4u ir e s  382.1893.
50N ,N -D ib e n z y lo x y c a rb o n y l  (25 o r  2 R ) -O rn i th in e  (89)
(2S o r 2 R )-O rn i th in e  h y d ro c h lo r id e  (1 .6 8 g ,  10 mmol) was 
d is so lv e d  in 5N NaOH (25 ml) a n d  th e  so lu tion  cooled to 0°C w ith  
s t i r r i n g .  B enzy l ch lo ro fo rm ate  (3 .6  ml, 25 mmol) was a d d e d  d ropw ise  
o v e r  10 min a n d  th e  so lu tion  le f t  to  s t i r  fo r  l h  th e n  d i lu te d  w ith  w a te r  
(30 ml) a n d  e x t r a c t e d  w ith  EtOAc (50 m l) .  T h e  aq u e o u s  p h a s e  was 
ac id if ied  ( a p p ro x .  pH 5) w ith IN HCit a n d  e x t r a c t e d  in to  EtOAc 
(3 x  50 m l). T h is  o rgan ic  la y e r  was w ash ed  w ith  s a tu r a t e d  b r in e
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(2 x  50 m l), d r ie d  w ith  a n h y d r o u s  N a2SO^ a n d  s o lv en t  rem oved  in vacuo
to  leave  a co lourless  v isc o u s  oil w hich  was c r y s ta l l i s e d  from E t 2© /p e tro l
(40-60°C ) to give a w hite  c ry s ta l l in e  solid .
T h u s  ( 2 S ) -o rn i th in e  h y d ro c h lo r id e  a f fo rd e d  N ,N -d ib e n z y lo x y -
c a r b o n y l - ( 2S) -  o rn i th in e  [ ( 2 S ) - ( 8 9 ) ] ,  ( 3 .4 g ,  85%), mp 113-116°C
( l i t . 50 112-114°C ).
ir  V (C H C £ , )  : 1515, 1715 cm "1, max 3
nm r 6(CDC&3) : 1 .69 (4H , m, C l^ C t^ C H N H ) ,  3 .18 (2H, 
m, NHCH2) ,  4 .40 (1H, m, CH 2C H C 0 2H ) , 5 .10 (4H, m,
PhC H 2) ,  5 .19 (1H, m, N H ) , 7.31 (10H, s ,  C ^ ) , 9.45 (1H, 
b r  . s ,  CO2H ) .
2(R ) -O rn i th in e  h y d ro c h lo r id e  a f fo rd e d  NrN -d ib e n z y lo x y c a rb o n y l-  
( 2 R )-o rn i th in e  [ ( 2 R ) - ( 8 9 ) ] ,  ( 3 .1 2 g ,  78%), mp 112-113°C.
N ,N -D ib en zy lo x y ca rb o n y l- (3 S )- (3 ~ L y s in e  [ (3 S ) - (9 2 ) ]  v ia  A r n d t - E i s t e r t
50[A -E] Homologation of N ,N -D ib e n z y lo x y c a rb o n y l - (  2S) -O rn i th in e
[ ( 2 S ) - ( 8 9 ) 3
N , N -D ib e n z y lo x y c a rb o n y l- (  2 S ) -o rn i th in e  (0 .7 4 g ,  1 .9  mmol) was 
d is so lv e d  in e th y l  ac e ta te  (30 ml) a n d  th e  so lu tion  cooled in  an  ic e /s a l t  
b a t h  w ith  s t i r r i n g .  N -M ethyl m orpholine  (0 .2 3  ml, 2 .09  mmol) was a d d e d  
followed b y  d ropw ise  add i t ion  of e th y l  ch lo ro fo rm ate  ( 0 .2  ml, 2 .09 mmol) 
in  EtOAc (3 m l). A f te r  3h, th e  p r e c ip i ta te d  amine h y d ro c h lo r id e  was 
r a p id ly  f i l te r e d  off in  th e  cold . E x c e ss  d iazom ethane  ( a p p ro x .  6 mmol, 
e th e re a l  so lu tion) was a d d e d  to  th e  f i l t r a te  a t  0°C a n d  th e  so lu tion  le f t  
to  s t i r  o v e rn ig h t .  E x c e ss  d iazom ethane was rem o v e d  b y  w arm ing to  50°C
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a n d  th e  so lv en t  rem oved  in v acuo  to leave  th e  oily d iazoketone
( 2 S ) - ( 90) [0 .8 2 g ,  98%] w hich  cou ld  b e  c ry s ta l l i s e d  from E tO A c-hexane
50to  give  a yellow so lid , mp 94°C ( l i t .  93-94°C ). T h e  so lid  was 
d is so lv ed  in  d r y  m ethanol (20 ml) a n d  th e  so lu tion  s t i r r e d  a t  20°C in 
d a r k n e s s .  F re s h ly  p r e p a r e d  s i lv e r  b e n z o a te  (O .lg )  was d is so lv ed  in 
tr ie th y lam in e  (1 .5  m l), r a p id ly  f i l t e r e d  a n d  a d d e d  to  th e  so lu tion .
Two f u r t h e r  p o r t io n s  of p o w d e re d  s i lv e r  b e n z o a te  (0 .0 5 g )  w ere  a d d e d  
a f t e r  1 an d  3h a n d  th e  m ix tu re  le f t  to  s t i r  in  th e  d a r k  o v e rn ig h t  an d  
th e n  c o n c e n t r a te d  in  v a c u o . T h e  r e s id u e  was d is so lv e d  in  EtOAc 
(30 ml) a n d  f i l te r e d  f re e  of in so lu b le  m a te r ia l .  T he  f i l t r a te  was 
w ash ed  with s a tu r a t e d  NaHCO^ (25 m l), s a t u r a t e d  sodium ch lo ride  
(25 m l), 1M HC£ (25 ml) a n d  f ina lly  s a t u r a t e d  sodium ch lo r id e  (3 x  
25 m l). T he  o rg a n ic  la y e r  w as d r i e d  o v e r  a n h y d ro u s  N a2SO^ a n d  
e v a p o ra te d  in  vacuo  to  g ive N ,N - d ib e n z y lo x y c a r b o n y l - ( 3 S ) - $ - ly s in e  
m e thy l e s t e r  [ ( 3 S ) - (9 1 ) ]  a s  a w hite  c ry s ta l l in e  so lid  (0 .6 9 g ,  85%), mp 
105-107°C ( l i t . 50 105-107°C ). T h e  m e thy l e s t e r  (3 S ) - (9 1 )  [0 .6 9 g ,
1.6  mmol] was d is so lv ed  in a minimum volume of d ioxan  a n d  aqu eo u s  
NaOH (1 .5  ml, 1.5M) was a d d e d .  A f te r  s t i r r i n g  a t  0°C fo r  30 min 
a n d  th e n  a t  room te m p e ra tu r e  fo r  l h ,  th e  re a c t io n  m ix tu re  was d ilu ted  
w ith  w a te r  (20 ml) a n d  e x t r a c t e d  w ith  EtOAc (20 m l). T h e  aqueous  
p h a s e  was ac id if ied  w ith  1M HC£ a n d  e x t r a c t e d  w ith  EtOAc (5 x  20 ml). 
T h e  o rg an ic  la y e r  was w ash ed  w ith  s a t u r a t e d  sodium ch lo r id e  solution 
(3 x  20 ml) a n d  d r ie d  o ver  a n h y d r o u s  N a2SO^. Removal of so lv en t 
in  vacuo  gave  a w hite  solid w hich  was r e c r y s ta l l i s e d  from EtOAc to 
g ive  N , N -d ib e n z y lo x y c a rb o n y l- ( 3S) -  3~lysine [ ( 3 S )- (  92)] (0 .4 8 g ,  72%), 
mp 152-154°C ( l i t . 50 155°C ).
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i r  v (K Br D isc) : 1550, 1650, 1695, 1730 cm 1 .max
XH nm r <5(CD3OD) : 1 .55 (4H, m, C H 2C H 2CHNH), 2.45 
(2H, d ,  J = 6 . 5 Hz, CH 2C 0 2H ) ,  3 .10  (3H, m, CHCH2CC>2H + 
NHCH2) ,  5.05 ( 4H, s ,  P h C H 2) ,  7 .31  (10H, s ,  C ^ ) .
N , N -D ib e n z y lo x y c a rb o n y l- ( 3R )- 3~Lysine [ ( 3 R ) - ( 9 2 ) ]
T he  t i t le  com pound was p r e p a r e d  b y  A r n d t - E i s t e r t  homolo­
ga tion  of N, N -d ib e n z y lo x y  c a r b o n y l - ( 2 R ) - o r n i th in e  [ ( 2 R ) - ( 8 9 ) ]  b y  th e  
above  p r o c e d u r e .
(3S)~3~Lysine  v ia  H y d ro g e n o ly s is  of (3 S ) - (9 2 )
N ,N -D ib e n z y lo x y c a rb o n y l - (3 S ) -3 “ ly s in e  [ ( 3 S ) - ( 9 2 ) ]  ( O . lg ,
0 .24  mmol) was d is so lv ed  in  e th a n o l  (30 ml) a n d  h y d r o g e n a te d  o v e r  
P d (O H )2 on ch a rco a l  (15 mg; 20%) fo r  6h a t  35°C a n d  a tm o sp h er ic  
p r e s s u r e .  T he  c a ta ly s t  was rem o v e d  b y  f i l t r a t io n  t h r o u g h  a p a d  of 
Celite  a n d  was w ash ed  w ith  e th a n o l .  T h e  com bined  f i l t r a te s  w ere  
e v a p o ra te d  m  v acu o  to  give ( 3S)~3~ lys ine  [ ( 3 S ) - ( 6 2 ) ]  a s  a l ig h t  
yellow h y g ro sc o p ic  gum (35 mg, 100%), [ct]^ + 21° (C = 0 .035 , 1M 
HCJD [ l i t . 29 + 24°].
(3R )~3~Lysine  v ia  H y d ro g en o ly s is  of (3 R )- (9 2 )
H y d ro g en o ly s is  of (3 R )i- (9 2 )  a s  fo r  (3 S ) - (9 2 )  [a b o v e ]  
a f fo rd e d  (3R )~3~lysine  [ ( 3 R ) - ( 6 2 ) ] (100%), [ a ] D —’20 .5°  (C = 0 .03 , 
1M H C £ ) .
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(3S )~3~Lysine  v ia  H y d ro g e n o ly s is  of Isoxazo lid inone  [ ( 3S) — (88)] 
a n d  C h a ra c te r is a t io n  as  N ,N -D ib e n z y lo x y c a rb o n y l- (3 S ) -3 ~ L y s in e  
[ ( 3 S ) - (9 2 ) ]
Isoxazo lid inone  (3 S ) - (8 8 )  [ 0 .2 g ,  0 .52  mmol] was d is so lv ed  in 
e th an o l  (50 ml) an d  h y d r o g e n a t e d  o v e r  P d C O H ^  on ch a rc o a l  (30 mg;
20%) fo r  20h a t  20°C th e n  5h a t  70°C a n d  a tm o sp h e r ic  p r e s s u r e .  T he  
c a ta ly s t  was rem oved  b y  f i l t r a t io n  th r o u g h  C elite  a n d  w ash ed  th o ro u g h ly  
w ith  e th an o l.  T he  com bined f i l t r a te s  w ere  e v a p o r a te d  in  v acuo  to give 
(3 S )~ g - ly s in e  [ ( 3 S ) - ( 6 2 ) ]  as  a l ig h t  yellow h y g ro s c o p ic  gum (76 mg, 
100%), [a] + 18° (C = 0 .076, 1M HC£) [ l i t . 29 + 24°] .  T h e  1H nm r
(90 MHz) sp ec tru m  (D 2O) of th e  r e s id u e  w as v i r tu a l ly  id e n t ica l  w ith  an 
a u th e n t ic  specim en of ( 3 S ) - 3 _ly s in e  g e n e r a te d  b y  A r n d t - E i s t e r t  homolo­
gation  of N, N -d ib e n z y lo x y  c a r b o n y l - ( 2 S ) - o r n i th in e  ( s e e  F ig .  4, p . 36 ). 
T h e  gum was d is so lv ed  in  5N NaOH (3 ml) a n d  th e  so lu tion  cooled to 
0°C w ith  s t i r r i n g .  B en zy l ch lo ro fo rm ate  (0 .1 6  ml, 1 .14 mmol) was ad d e d  
a n d  th e  m ix tu re  le f t  to  s t i r  fo r  l h  a t  0°C th e n  d i lu te d  w ith  w a te r  (10 ml) 
a n d  e x t r a c te d  w ith  EtOAc (10 m l). T h e  a q u e o u s  p h a s e  w as acid if ied  
w ith  IN HCJl a n d  e x t r a c t e d  in to  EtOAc (5 x  10 m l) .  T h e  o rg an ic  p h a se  
w as w ash ed  w ith  s a tu r a t e d  b r in e  ( 3 x 5  m l) ,  d r i e d  w ith  a n h y d ro u s  
Na^SO^ a n d  e v a p o ra te d  in  v acu o  to g ive  N , N -d ib e n z y lo x y  c a rb o n y l -  ( 3S) -  
3 - ly s in e  [ (3 S )—(92)] (142 m g, 66%) w hich  w as id e n t ic a l  (m p, i r ,  nm r) 
w ith  an  a u th e n t ic  specim en p r e p a r e d  b y  A r n d t - E i s t e r t  hom ologation.
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( 3R)~ 3~Lysine v ia  H y d ro g e n o ly s is  of Isoxazo lid inone  [ ( 3 R ) - ( 8 8 ) j  
a n d  C h a ra c te r is a t io n  a s  N ,N -D ib e n z y lo x y c a rb o n y l - (  3R)~ (3-Lysine 
[ ( 3 R )-(9 2 )  ]
Isoxazo lid inone  (3 R )- (8 8 )  w as h y d r o g e n a t e d  a s  fo r  (3 S )- (8 8 )  
(above)  to  give ( 3 R ) - 3 “ly s in e  a s  a h y g ro s c o p ic  gum (100%), [ a ] ^  -  19.5° 
(C = 0 .1 ,  1M HC£) [ l i t .  + 24°] .  )\ N ,N - D ib e n z y lo x y c a rb o n y l - (3 R ) -3 -  
ly s in e  [ ( 3 R ) - ( 9 2 ) ]  was p r e p a r e d  a s  fo r  (3 S ) - (9 2 )  [ab o v e]  (61%) a n d  
was id e n tica l  (mp 153-156°C, i r ,  "^H n m r)  w ith  an  a u th e n t ic  specim en 
p r e p a r e d  b y  A r n d t - E i s t e r t  hom ologation .
51M ethyl E s te r  Bis k o s h e r 1 Amides (94)
(a)  v ia  A r n d t - E i s t e r t  H om ologation: N ,N -D ib e n z y lo x y c a rb o n y l- (3 S )  o r  
(3 R )-3 ~ ly s in e  m ethy l e s t e r  (91) (50 m g, 0.12 mmol) w as d is so lv e d  in 
e th an o l (15 ml) a n d  h y d r o g e n a te d  o v e r  P d (O H )2 on  ch a rc o a l  a t  35°C 
a n d  a tm ospheric  p r e s s u r e  fo r  5h. F i l t r a t io n  from c a ta ly s t  a n d  rem oval 
of so lv en t  in vacuo  a f fo rd e d  th e  c r u d e  (3 S ) -  o r  (3 R )-3 ~ ly s in e  m ethy l 
e s t e r  (93) as an oil (19 mg, 100%). T h e  r e s id u e  w as d is so lv e d  in 
C C £ ^ -p y r id in e  (10 ml; 3 :2 ) .  (S ) - ( - ) -M T P A  c h lo r id e  (64 m g, 0 .27  mmol)
w as a d d e d  a n d  th e  so lu tion  h e a te d  to  r e f lu x  fo r  3h. A few d ro p s  of 
w a te r  w ere  a d d e d  a n d  th e  so lu tion  allowed to cool b e fo r e  d i lu t in g  with 
(I® ml) a n d  w ash in g  w ith  1M HC£ (10 m l) ,  10% NaHCO^ (10 ml) 
a n d  w a te r  (2 x  10 m l). T h e  o rg an ic  l a y e r  was d r i e d  w ith  a n h y d r o u s  
N a 2SO^ a n d  so lv en t  rem oved  in v acu o  to  leav e  th e  c r u d e  m e thy l e s t e r  
b is  'M osher1 am ides (94) [ (3S )  o r  ( 3 R ) ] .  [G c-m s r e s u l t s  -  T ab le  2,
p .3 4 ].
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(b )  v ia  N itrone  C y c lo a d d i t io n s : N ,N -D ib e n z y lo x y c a rb o n y l- (3 S )  o r  (3R )-
3 - ly s in e s  w ere f i r s t  c o n v e r t e d  in to  th e  m e thy l e s t e r s  (91) b y  t re a tm e n t  
w ith  e x c e s s  C I ^ ^ .  T he  m e thy l e s t e r  b is  'M osher1 am ides (94) [ (3S ) 
o r  (3R )]  w ere  th e n  g e n e ra te d  a s  a b o v e .  [G c-m s r e s u l t s  -  T ab le  1,
p . 3 4  ] .
CHAPTER 3
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C -C a rb o x y  N itro n es  (117a, b ,  c)
To g lyoxylic  ac id  h y d r a t e  (40 mmol), s u s p e n d e d  in  d ich lo ro -  
m ethane  (50 ml) was a d d e d  th e  a p p r o p r ia te  h y d ro x y la m in e  [o r  i t s  oxala te  
s a l t  p lu s  one e q u iv a le n t  of t r ie th y la m in e ]  (40 mmol) a n d  th e  so lu tion  
s t i r r e d  fo r  5h a t  20°C. More d ich lo ro m eth an e  (50 ml) was a d d e d ,  th e  
so lu tion  w ash ed  w ith  w a te r  (2 x  50 m l), d r i e d  w ith  a n h y d r o u s  N a2SO^, 
a n d  th e  so lv en t  rem oved  in  v acuo  to le a v e  th e  c r u d e  n i t r o n e s  ( 1 1 7 a ,b ,c ) .
T h u s  N -b e n z y lh y d ro x y la m in e  (49) a f fo rd e d  n i t ro n e  (117a) as  a 
yellow p a s te  w hich was c ry s ta l l i s e d  f ro m  E t 20 /C H C & 3 to  g ive  a w hite  
so lid  (62%), mp 92-93°C.
ir  V ( C H C £ J  : 1715 cm "1,max 3
1H nm r 6 (C D C £ 3):  5 .06 (2H, s ,  P h C H 2N ),  7.28 (1H, s ,
H -C =N ), 7.45 (5H, s ,  C ^ ) .
13C nm r 6 C D C ^ 3) : 70.48 (C H 2P h ) ,  129 .4 -130 .3  ( C = N +
C 6H5) ,  161.21 ( C 0 2H ).
[M ]+- C 0 2 135.0685; CgHgNO r e q u i r e s  135.0684.
N -(R )~ a -M e th y lb e n z y lh y d ro x y la m in e  oxa la te  s a l t  (56) a f fo rd e d  
th e  oily n i t ro n e  (117b) [61%].
i r  V ( C H C £ J  : 1715 cm "1max 3
XH nm r <5(CDC£3) : 1.82 (3H, d ,  J= 6 .0  Hz, CH3 ) ,  5.21 (1H,
£ ,  J = 7 .0 H z ) , CHCH3),  7 .39  (5H, s ,  C6H 5) ,  7 .45 (1H, s ,
H-C =N) .
13C nm r 6 (C D C £ 3): 17.68 (C H 3 ) ,  74.74 (CHCH3) ,  127.0-
128.9 (C 6H5) ,  135.45 (C =N ), 161.13 ( C 0 2H ).
[M ]+-C O z 149.0850; C 9H1]LNO r e q u i r e s  149.0787.
N -(S ) -a -M e th y lb e n z y lh y d ro x y la m in e  oxa la te  s a l t  (56) a f fo rd e d
th e  oily n i t ro n e  (117c) [ 74%].
ir  V (CHC&,) : 1715 cm "1 max 3
XH nm r 6(CDC&3) : 1.85 (3H, d ,  J= 6 .0  Hz, CH 3) , 5.23 
(1H, q ,  J = 7 .0 H z, CHCH3) ,  7 .35  (5H, m, C ^ ) , 7.53 (1H, 
s ,  H -C=N ).
72M ethyl G lyoxyla te
Dimethyl t a r t r a t e  (5 g ,  28.1 mmol) w as d is so lv e d  in  d ry  d ie thy l  
e t h e r  (100 ml) a n d  th e  so lu tion  cooled to  0°C u n d e r  n i t r o g e n  w ith 
s t i r r i n g .  Period ic  ac id  (6.4g>, 28.1 mmol) w as a d d e d  to th e  so lu tion  in 
p o r t io n s  o v e r  l h .  A f te r  th e  l a s t  a d d i t io n ,  th e  so lu tion  was allowed to 
s t i r  fo r  a f u r t h e r  15 m ins .  T h e  e t h e r  p h a s e  w as d e c a n te d  from th e  
w hite  solid  an d  le f t  to  s t a n d  o v e r n ig h t  o v e r  m olecu lar s ie v e s  (4A ).
T h e  so lv en t  w as rem oved  in v acuo  to leave  a c o lo u r le s s ,  mobile oil 
(4 .9 2 g ,  99%). T he  ^H nm r (90 MHz) s p e c tru m  was complex w ith  
co n t in u o u s  a b s o rp t io n  b e tw ee n  6 3 .5 1 -5 .7 0  a n d  rem a in ed  u n c h a n g e d  
a f t e r  b u lb - t u b e  d is ti l la tion  (120°C, 0 .1  mm H g ) .
ir  v (CH C£„) : 1735 cm "1 , 1750 cm "1 .max 3
C -C arb o m e th o x y  N itro n e s  (123a, b ,  c)
M ethyl g lyoxy la te  ( l g ,  11.4 mmol) a n d  th e  a p p ro p r ia te  
h y d ro x y lam in e  [o r  i t s  oxala te  sa l t  p lu s  one e q u iv a le n t  of t r i e th y la m in e ] 
(1 1 .4  mmol) w ere  d is so lv e d  in  d ich lo rom ethane  (50 ml) a n d  th e  so lu tion  
s t i r r e d  for 5h a t  20°C. T h e  so lu tion  was w a sh e d  w ith  w a te r  (20 ml)
I l l
a n d  th e  o rg an ic  p h a s e  d r ie d  w ith  a n h y d r o u s  Na^SO ^. Removal of
s o lv en t in vacuo  a f fo rd e d  th e  c ru d e  n i t r o n e s  (1 2 3 a ,b ,c )  a s  m ix tu re s  of
geom etric  iso m e rs ,  w hich w ere  c r y s ta l l i s e d  from E t^O /C H C Ji^ .
T h u s  N -b e n z y lh y d ro x y la m in e  (49) a f fo rd e d  n i t r o n e  (1 2 3 a ) ,
mp 91-93°C.
i r  v (K B r Disc) : 1215, 1565, 1725 cmmax
XH nm r 6(CDC&3) : 3 .76 a n d  3.80 (3H, 2 x  s ,  CC>2CH3) ,
4 .98  a n d  5.70 (2H, 2 x  s ,  P h C H 2) , 7 .11  a n d  7 .21  (1H , 2 x  s, 
H -C =N ), 7 .2 5 -7 .7 0  (5H, m, C ^ H g ) .
[F o u n d ,  C 62 .13 , H 57 .30 , N 7.19%; c 10H n NO3 r e q u i r e s  
C 62 .17 , H 57 .00 , N 7.25%].
N -(R )~ a rM e th y lb e n z y lh y d ro x y la m in e  o x a la te  s a l t  (56) a f fo rd e d
n i t ro n e  (1 2 3 b ) , mp 84-85°C.
ir  V (K B r D isc) : 1210, 1550, 1720 cmmax
2H nm r S(CDC&3) : 1.73 a n d  1.82 (3H , 2 x  d ,  CHCH3) ,
3.75 a n d  3 .79  (3H, 2 x  s ,  C 0 2CH 3) , 5.16 a n d  7 .07  (1H,
2 x  q ,  CHCH3) ,  7.16 an d  7 .19  (1H, 2 x  s ,  H -C = N ), 7 .25 -7 .61  
(5H, m, C6H 5) .
[F o u n d ,  C 63 .82 , H 6 .2 6 ,  N , 6 .71 ; r e q u i r e s
C 63 .77 , H 6 .28 , N 6.76%].
N -(S ) -a rM e th y lb e n z y lh y d ro x y la m in e  o xa la te  s a l t  (56) a f fo rd e d
9
n i t ro n e  (1 23c) ,  mp 83-85°C ( l i t .  84-86°C) w hose sp e c tro s c o p ic  p r o p e r t i e s  
w ere  v i r tu a l ly  id e n t ica l  w ith  th o se  of n i t r o n e  (1 2 3 b ) .
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L -P h en y la lan in e  m e thy l e s t e r  h y d ro c h lo r id e
L -P h en y la lan in e  (5 g ,  30.3  mmol) w as s u s p e n d e d  in  d ry  
m ethanol (60 ml) in a 3 -n e c k e d  r o u n d  bottom  f la sk  e q u ip p e d  w ith  a 
silica gel d ry in g  tu b e  a n d  gas  in le t  a n d  th e  m ix tu re  h e a te d  to  60°C. 
H y d ro g e n  ch lo r id e  gas  (d r ie d )  was b u b b le d  th r o u g h  th e  m ix tu re  un ti l  
i t  becam e hom ogeneous a n d  th e n  fo r  a f u r t h e r  10 m ins . Cooling to 
20°C an d  rem oval of so lv e n t  in v acu o  y ie ld e d  L -p h e n y la la n in e  m ethy l 
e s t e r  h y d ro c h lo r id e  as  a w hite  so lid  w h ich  w as th o ro u g h ly  d r ie d  u n d e r  
vacuum  a t  50°C fo r  5h, mp 157-160°C.
C -C arbam ido  N itro n e s  (119a, b ,  c)
N itro n e  (117a, b  o r  c) [20 mmol], ( S ) -p h e n y la la n in e  m e thy l
73e s t e r  h y d ro c h lo r id e  (20 mmol), N -m e th y l -2 -c h lo ro p y r id in iu m  iodide 
(24 mmol) a n d  tr ie th y la m in e  (70 mmol) in  d r y  d ich lo rom ethane  (100 ml) 
w ere  r e f lu x e d  fo r  l h .  T h e  c le a r  so lu tion  was w ash ed  t h r e e  times w ith 
HC£ (5%; 40 ml) a n d  once w ith  w a te r  (40 m l) .  T h e  o rg a n ic  p h a s e  was
d r ie d  w ith  a n h y d r o u s  Na^SO^ a n d  s o lv e n t  rem o v e d  in  v a c u o . T he  
c r u d e  oils w ere  p u r i f i e d  b y  silica gel c h ro m a to g ra p h y  [e lu te d  w ith  e th y l  
a c e ta t e -h e x a n e  ("45:55)].
N itrone  (119a) [48%], mp 98-100°C, [a] - 8 .1 °  (C  = 0 .1  in
C H C £3) .
i r  V (K B r Disc) : 1234, 1645, 1742 cm \  max
1H nm r (200 MHz) 6 (C D C £ 3) : 3 .08  (1H, d d ,  J = 6 .0 ,  14.0 Hz, 
CHCH H P h ) , 3 .18 (1H, d d ,  J= 7 .0 ,  14.0 Hz, CHCH H P h ) ,
— A B “ A B
3.67  (3H, s ,  C 0 2CH3 ) ,  4 .88  (1H, m, CH2C H N ), 4 .92  (2H, s, 
C H 2P h ) ,  7 .05 (1H, s ,  H -C=N ) ,  7 .22 (5H, m, C ^ ) ,  7.40 (5H,
13C nm r <5(CDC&3) : 37.68 (C C H 2P h ) ,  52.13 (C H 3O C O ),
53.39 (C H -N - ) ,  71.43 (C H 2~N=), 126 .9 -135 .7  (2 x  C ^  + C=N),
160.1 (N H CO ), 171.0 (CC>2CH 3) .
[M ]+ 340.1437; C 19H2()N 20 4 r e q u i r e s  340.1423.
[F o u n d ,  C 67 .12 ,  H 6 .0 1 ,  N 8.25%; ^  19^ 20^ 2 ^ 4  reclu r^ e s
C 67 .06 , H 5 .88 ,  N 8.24%].
N itro n e  (119b) [58%], mp 102-104°C, [ otjD - 2 8 .3 °  (C = 0.12 in
i r  v (K B r D isc)  : 1218, 1239, 1258, 1648, 1742 cm” 1, max
1H n m r (200 MHz) 6(CD C& 3) : 1 .79 (3H, d, J= 7 .0  Hz,
CH3C H ),  3 .07  (1H , d d ,  J = 6 .0 ,  14.0 Hz, CHAHBP h ) ,  3 .20 
(1H, d d ,  J = 7 .0, 14.0  Hz, CH H P h ) ,  3.66 (3H , s ,  C 0 7C H . ) ,
  A — B c* — O
4.86 (1H , m, CH 2C H N ), 5 .09  (1H, q ,  J= 7 .0  Hz, P h C H N ) ,
7.14 (1H , s ,  H -C = N ), 7.23 (5H , m, C 6H 5) , 7.40 (5H, s, C ^ ) , 
10.27 (1H, d, J = 7 .0 H z, N H ) .
13C nm r 6 (C D C ^ 3) : 18.67 (C H 3C H ), 37.82 (C H 2P h ) , 52.11
(C H 3O C O ), 53.53 (C H -N ) ,  76.28 (C H -N = ),  126 .9 -136 .5  
2 x  C6H5 + C=N ), 160.35 (N H C O ), 171.08 ( C 0 2CH 3) .
[M ]+ 354.1577; c 2oH22N 2 °4  recl u ir e s  354.1580.
[F o u n d ,  C 67 .83 , H 6 .21 ,  N 7.92%; C 2QH 22N 20 4 r e q u i r e s
C 67 .80 , H 6 .21, N 7.91%].
N itro n e  (119c) [54%], oil, [a]  +10.5°  (C = 0 .07  in  C H C £3).
i r  v (C H C & J : 1650, 1735 cm "1 , max 3
XH nm r (200 MHz) 6 (C D C il3) : 1 .82 (3H , d, J= 7 .0  Hz, CH 3C H ), 
3.07 (1H, d d ,  J = 6 .0, 14.0 H z, CHCH H P h ) ,  3 .18  (1H, d d ,
D
J = 7 .0, 14.0 Hz, CHCH H P h ) , 3.70 (3H, s ,  C O -C H -) ,  4.86 * A - B  -  2 —3
(1H, m, CH 2CH N ), 5 .09  (1H, q, J= 7 .0  Hz, P h C H N ) , 7.14 
(1H, s ,  H -C = N ), 7 .1 3 -7 .2 8  (5H, m, C 6H g) , 7 .42 (5H , s ,  
C 6H5) ,  10.27 (1H, d ,  J = 7 . 0 Hz, N H ) .
13C nm r 6(CD C& 3) : 18.76 (C H 3C H ) , 37.93 (C H 2P h ) ,  52.22 
(C H 3O C O ), 53.57 ( C H - N - ) , 76.93 (C H -N = ),  126 .96-136.78  
(2 x  C 6H5 + C = N ), 160.37 (N H C O ), 171.19 (CC>2CH 3) .
[M]+ -  OH 337.1560; C 20H 2]N 2C>3 r e q u i r e s  337.1552.
C y c lo a d d u c ts  (120a, b ,  c)
N itro n e  (119a, b  o r  c) [ 1 .5  mmol) was d is so lv e d  in  2 -ch lo ro -
a c ry lo n i t r i le  (10 ml) a n d  th e  so lu tion  h e a t e d  a t  80°C ( p r e - h e a t e d  oil
b a th )  u n d e r  a rg o n  fo r  15 min. E x c e ss  2 -c h lo ro a c ry lo n i t r i le  was
rem o v e d  in v acuo  a f fo rd in g  th e  c r u d e  a d d u c t  (120a ,b  o r  c) in  95-100%
y ie ld  (oil) w hich cou ld  b e  p u r i f i e d  b y  silica gel c h ro m a to g ra p h y
(E tO A c /h e x a n e  25:75) o r  u s e d  w ith o u t  an y  f u r t h e r  p u r i f ic a t io n .
T h u s  n i t r o n e  (119a) a f fo rd e d  c y c lo a d d u c t  ( 12 0 a) .
i r  v (C H C £ 0) : 1520, 1685, 1745 cm S  b a n d  fo r  CN max 3
(2200-2260 cm ^) a b s e n t .
■^H nm r 6(CDC&3) : Com plex c o n t in u o u s  a d s o rp t io n  (11H) 
b e tw ee n  6 3 a n d  6 5 a n d  a com plex m u ltip le t  10H(2 x  C^H^) + 
1H(NH) a t  6 7 .0 - 7 .5 .
[M ]+ -  C l  392.
T h e  sp e c tro sc o p ic  p r o p e r t i e s  of a d d u c t s  (120b) a n d  (120c) 
w ere  ana logous  to th o s e  of (1 2 0 a) ,  w ith  th e  c h a n g e s  to  b e  e x p e c te d  fo r  
rep la cem e n t  of CH 2P h  b y  ( R ) -  or (S )-C H M eP h .
Isoxazolidin-5-ones (121a, b , c ) :
G enera l p ro c e d u r e  fo r  h y d r o ly s i s  of c y c lo a d d u c ts  (120a, b ,  c)
C y c lo ad d u c t  (120a, b  o r  c) [1 .5  mmol] w as d is so lv e d  in a 
minimum volume of t e t r a h y d r o f u r a n ,  d i lu te d  w ith  w a te r  (10 ml) a n d  
su f f ic ie n t  th f  a d d e d  to  p ro d u c e  a s in g le  p h a s e .  A q u eo u s  HC& ( 0 .2 - 0 .4  
e q u iv .  of IN) was a d d e d ,  th e  so lu tion  s t i r r e d  a t  20°C fo r  16-24h th e n  
n e u t r a l i s e d  (IN  NaOH), c o n c e n t r a te d  to  1/3 volum e a n d  e x t r a c t e d  w ith  
EtOAc (5 x  10 m l). T h e  o rg an ic  p h a s e  w as d r ie d  w ith  a n h y d ro u s  
N a2SO^ a n d  so lv en t rem o v e d  in  v acuo  to  leav e  a l ig h t  b ro w n  oil w hich 
was p u r i f i e d  by  silica gel c h ro m a to g ra p h y  (35-40% E tO A c /h e x a n e )  to 
a f fo rd  th e  is o x azo l id in -5 -o n e s  (121a, b  o r  c) in  75-85% y ie ld .
H y d ro ly s is  of a d d u c t  (120a) a f fo rd e d  th e  oily isoxazo lid inone  
( 121a) [82%] c o n s is t in g  of a m ix tu re  of C -3  ep im ers  [ (3R) : (3S) =5: 2 
from CH^OCO s ig n a ls  in  ^H n m r sp e c tru m  a t  200 MHz].
ir  V (C H C £ q) : 1675, 1740, 1780 cm "1 .max 3
XH nm r (200 MHz) S (C D C £ 3) : 2 .7 5 -3 .2 3  (4H, m, CH 2CO + 
P hC H 2C H ), 3.68 a n d  3.78 (3H, 2 x  s ,  CH 3O C O ), 3 .8 4 -4 .2 3  
( 3H, m, P h C H 2-N + C H -N ),  4 .7 1 -4 .8 8  (1H, m, CHNCO), 
6 .9 5 -7 .3 5  (10H, m, 2 x  C 6H 5) , 7 .60 a n d  7.71 (1H, 2 x  d ,  
N H ).
13C nm r S(CDC&3):  31.35 (C C H 2P h ) ,  37 .10 f  + 37 .58f  
(C H 2C O ), 52.19 + 52.13 (C H 3O C O ), 52.87 + 52.51 (N -C H - 
CONH), 62.45  + 62.39 (P h C H 2N ),  64 .03  (CHCC>2M e ) , 126.87- 
129.33 (2 x  C6H5) ,  168.38 + 168.14 (C O N H ), 170.92 + 170.89 
( C 0 2CH 3) ,  173. 59 + 173.90 (COCH2) . 
t  Major followed b y  m inor.
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[M ]+ -  COz 338.
H y d ro ly s is  of a d d u c t  (120b) a f fo rd e d  th e  oily isoxazo lid inone
( 121b) [83%] c o n s is t in g  of a m ix tu re  of C -3  ep im ers  [ ( 3 R ) : (3S) =2: 3 from
CHCH^ s ig n a ls  in  XH nm r sp e c tru m  a t  200 M H z]. T h e  m ix tu re  was
r e s o lv e d  b y  c h ro m a to g ra p h y  ( S i 0 2) : 35% E tO A c /h e x a n e  e lu te d  ( 3S)~
( 1 2 1 b ) , mp 112-113°C, [a ] -4 0 °  (C =  0.064 in  CHC&3) .
i r  v (CHCJL,) : 1673, 1735, 1782 cm- 1 , max 3
XH nm r (200 MHz) 6 (C D C £ 3) : 1 .54 (3H, d ,  J= 6 .0  Hz,
CH3C H ), 2 .75 ( 2H, m, CH 2C O ), 3.05 (1H, d d ,  J = 6 .0 ,  15.0 
Hz, CHCHAHBP h ) ,  3 .17  (1H, d d ,  J= 5 .0 ,  15.0 Hz, CHCHAHB 
P h ) ,  3 .74 (3H , s ,  C 0 2CH3) ,  3 .87 (1H, d d ,  J= 5 .5 ,  9 .0  Hz, 
C O C H N ), 4 .11  (1H, q ,  J= 6 .0  H z, P h C H N ) , 4.81 (1H, m, 
CH 2CH N ), 7 .1 0 -7 .4 0  (10H, m, 2 x  C ^ ) , 7 .84  (1H, d ,  J=10.0  
Hz, N H ).
13C nm r 6(CD C& 3) : 20.08 (C H 3C H ), 30.29 (P h C H 2) , 38.12 
(COCH2) ,  52.72 (COOCH3) ,  52.96 (C H -N H C O ), 61.81 
(P h C H -N ) ,  67 .12  (N H CO CH -N ), 116 .03-138 .79  (2 x C 6H 5) ,
168.51 (CO N H ), 171.22 ( C 0 2C H 3) ,  175.13 (CO CH 2) .
[M ]+ 396.1667; ^ 2 2 ^ 2 4 ^ 2 ^ 5  re<4u ir e s  396.1685.
40% E tO A c /h e x a n e  e lu te d  ( 3 R ) - ( 1 2 1 b ) , oil, [odD +59.9°
(C = 0.053 in  C H C £3) .
i r  V (CHCilo) : 1670, 1735, 1780 cm "1 , max 3
XH n m r (200 MHz) <5(CDCJl3) : 1 .47 (3H, d ,  J= 8 .0  H z, CH3C H ), 
2.29 (1H, d d ,  J= 10 .0 ,  17.5 Hz, CH H C O ),  2 .77  (1H, d d ,
  — A B -----
J = 5 .0, 17.5 Hz, CH H C O ) , 3 .09 (1H, d d ,  J= 7 .5 ,  14.5 Hz,
A B
CHCH H P h ) ,  3 .25 (1H, d d ,  J= 5 .0 ,  14.5 H z, CHCH H P h ) ,
— A B   A — JS
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3.74 ( 3H, s ,  C 0 2CH 3) ,  3 .88 (1H, q ,  J= 8 .0  Hz, P h C H N ),
3.88 (1H, d d ,  J  =4 .0 , 17.0 H z, CO CHN ), 4 .82  (1H, m, 
CH 2C H N ), 7 .1 0 -7 .3 0  (10H, m, 2 x  C ^ ) ,  7.58 (1H, d ,
J = 8 .0 Hz, N H ).
13C nm r 6 (C D C £ 3) : 19.01 (C H 3C H ), 32.67 (P h C H 2) , 37.50 
(COCH2) ,  52 .57 (COOCH3) ,  52.95 (C H -N H C O ), 63.44 
(P h C H -N ) ,  67.14 (N HCO CH -N ) ,  127 .36-137.22  (2 x C 6H5) ,  
168.97 (C O N H ), 171.23 ( C 0 2CH 3) ,  173.73 (COCH2).
[M ]+ 396.1692; ^ 2 2 ^ 2 4 ^ 2 ^ 5  recl l;^ r e s  396.1685.
H y d ro ly s is  of a d d u c t  (120c) f u r n i s h e d  a s ing le  isoxazo lid inone
(121c) [77%], mp 92-94°C, [ a ] D +45° (C = 0 .04  in  C H C £3 .)
i r  V (K B r Disc) : 1678, 1787, 1790 cm max
XH nm r (200 MHz) S(CDC&3) : 1.52 (3H, d ,  J= 6 .0  Hz, 
C H .C H ) ,  2 .73 (1H, d d ,  J= 1 4 .0 ,  20.0 H z, CH H C O ),  2.90
_  j  r i  D
1H, d d ,  J = 3 .0, 20.0 Hz, CH H C O ) ,  3.01 (1H, d d ,  J= 5 .0 ,
——  A — B -
15.0 Hz, CHCH H P h ) , 3 .21  (1H, d d ,  J= 4 .5 ,  15.0  Hz,
— A B -----
CHCH H P h ) , 3.74 (3H, s ,  C 0 9C H ,) ,  3 .88 (1H, d d ,  J= 2 .5 ,
A — B £ 5
15.0 Hz, CO CHN ), 4 .12 (1H , q ,  J= 6 .0  Hz, P h C H N ), 4.72 
(1H, m, CH 2C H N ), 7.40 (10H, m, 2 x  C ^ ) , 7 .78  (1H, d ,  
J=8. 0 Hz, N H ).
13C nm r 6 (CD Cil3) : 19.92 (C H 3C H ),  30.09 (P h C H 2),
37.36 (CO CH 2) ,  52.36 (C H 3O C O ) , 53.23 (C H C 0 2M e ) , 61.64 
(P h C H -N -) ,  66 .74 (N H C O C H -N -) , 126.17-138.66  (2 x  C6H5) ,
169.01 (C O N H ), 171.04 (COOCH3) , 174.99 (CO CH 2).
[M ]+ 396.1693; ^ 2 2 ^ 2 4 ^ 2 ^ 5  re(4u r^ e s  396.1685.
[F o u n d ,  C 66 .65 , H, 6 .07 ,  N 7.03%; ^ 2 2 ^ 2 4 ^ 2 ^ 5  re<4u r^ e s
C 66 .67 , H 6 .06 ,  N 7.07%].
C-3 Carbomethoxy Isoxazolidinone (124)
C ycloadd it ion  of th e  C -c a rb o m e th o x y -N -(R )-a r -m e th y lb e n z y l  
n i t r o n e  (123b) [0 .3 1 g ,  1 .5  mmol] to 2 -c h lo ro a c ry lo n i t r i le  followed b y  
h y d ro ly s is  of th e  r e s u l t in g  a d d u c t  as  above  a f fo rd e d  th e  oily isoxazo li­
d inone  (124) [0 .2 2 g ,  59%] as  a m ix tu re  of C -3  e p im e rs .
i r  V (CH C£~) : 1740, 1780 cm "1 , max 3
1H nm r -  (s e e  F ig .  12 , p .  6 8  )•
[M]+ 249.1005; r e q u i r e s  249.1001.
A sp a r tam e  (95) a n d  (R ) -A s p - (S ) -P h e O M e  (122): H y d ro g e n o ly s is  
of Isoxazo lid inones  (121a, b ,  c)
Isoxazo lid inone  (3 S )- (1 2 1 b )  [100 m g, 0 .25  mmol) in  E tO H /H 20
(25 ml, 3 :2 ) ,  was h y d r o g e n a t e d  o v e r  P d ( O H ) 2 on c h a rc o a l  (20 m g, 20%)
a t  70°C a n d  a tm o sp h er ic  p r e s s u r e  fo r  5h. T h e  c a ta ly s t  was rem oved
b y  f i l t ra t io n  th r o u g h  a p a d  of Celite  a n d  w as w a sh e d  w ith  EtOH a n d
H20 .  T h e  com bined f i l t r a te s  w ere  e v a p o ra te d  in v acuo  to leave  a w hite
solid  (74 mg, 100%). W ashing w ith  ch i lled  w a te r  a f fo rd e d  th e  sw eet
( S ) -  A s p - ( S ) -PheQMe (A sp a rtam e )  (95) [65 mg, 86%], mp 243-247°C,
54
[ a ] D +29.8° (C = 0 .0 5 ,  ace tic  acid) [ l i t .  mp 248-250°C, [ot]^ +30.3° 
(C  = 0 .1 ,  ace tic  a c i d ) ] .
1H nm r (200 MHz) 6 ( d 6-dm so)  : 2 .22  (1H, d d ,  J= 9 .0 ,  16.5
Hz, CH H C 0 9H ), 2.46 (1H, d d ,  J= 4 .5 ,  16.5 Hz, CH H
A B u _ A B
CO ?H ), 2.93 (1H, d d ,  J= 8 .5 ,  13.5 Hz PhC H  H C H ) , 3 .04
u A D
(1H, d d ,  J = 5 . 5, 13.5 Hz, PhCH H C H ),  3 .59 (3H , s ,  CO.,
  A —B 6
CH3) ,  3 .71 (1H , d d ,  J = 4 . 5, 9.0 Hz,. CHNH2) ,  4 .47  (1H, m,
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CH 2C H C 0 2M e), 5.30 (2H, b r . s ,  N H ^ ,  7 .1 0 -7 .3 5  (5H, m, 
c 6H5) ,  8.95 (1H, b r . s ,  N H ).
13C nm r 6 ( d 6 dmso) : 36.61 (C H 2C 0 2H ) ,  37.88 (C H 2P h ) ,
50.71 (CH CH 2C 0 2H ) ,  51.99 ( C 0 2CH 3) ,  53.72 (CH CH 2P h ) , 
126.66-136.99  ( £ 6H 5) ,  171.30 (CO N H ), 171.63 ( C 0 2CH 3) ,
172.45 ( C 0 2H ).
Isoxazo lid inone  (1 2 1 c ) , h y d r o g e n a te d  u n d e r  th e  same conditions  
a f fo rd e d  th e  ta s t e le s s  (R ) -A s p - (S ) -P h e O M e  (122) [75 m g, 100%], 
mp 154-157°C, [a l  - 1 7 .4 °  (C = 0 .05 ,  H?0 )  [ l i t . 54 mp 159°C, [a ]_  -1 8 °
l j  u  D
(C = 0 .1 ,  h 2o ) ] .
1H nm r (200 MHz) 6 ( d 6-d m so )  : 2.16 (2H, m, C H 2C 0 2H ),
2.89 (1H, d d ,  J = 9 .0, 13.5  H z, PhCH  H C H ) ,  3 .06 (1H, d d ,
  — A B
J = 5 .0, 13.5 Hz, PhCH H C H ) , 3 .60 (3H, s ,  C 0 7C H . ) , 3.68
A B  ^ 5
(1H, m, CHNH2) ,  4 .55  (1H , m, CH 2C H C 0 2M e), 5 .05 (2H, b r .  
s ,  NH2) ,  7 .0 8 -7 .4 0  ( 5H, m, C6H 5) 8.93 (1H, b r . s ,  N H ).
13C nm r 6 ( d 6-dm so) : 36.90 (C H 2C 0 2H ) ,  38.00 (C H 2P h ) ,
50.80 (CH CH 2C 0 2H ),  51.99 ( C 0 2CH 3) ,  53.40 (CH CH 2P h ) ,  
126.64-136-90 (C 6H 5) ,  171.10 (C O N H ), 171.66 ( C 0 2CH3) ,
172.50 ( C 0 2H ).
H y d ro g e n a t io n  of th e  in s e p a ra b le  m ix tu re  ( 121a) u n d e r  th e  
ab o v e  cond itions  b u t  a t  20°C a f fo rd e d  (100%) a m ix tu re  of ( R ) - A s p - ( S ) -  
PheOMe (122) a n d  (S ) -A s p - (S ) -P h e O M e  (95) in  a 5 :2  ra t io  from th e  
r e la t iv e  in te n s i t i e s  of CH 3OCO s ig n a ls  (6  3 .61 a n d  3 .59) in th e  "^ H nm r 
sp e c tru m  (d^-dm so , 200 MHz).
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D ik e to p ip e ra z in e s  (96) a n d  (125)
(S ) -A sp - (S ) -P h e O M e  (95) u n d e r w e n t  in t ram o lecu la r  cyc lisa tion  
in dmso so lu tion  to g ive  th e  d ik e to p ip e ra z in e  (96) [n o t  r e c o v e r e d ] .
■^H nm r (200 MHz) 6 ( d ^ _dmso) : 1 .49  (1H, d d ,  J= 7 .0 ,  16.5 
Hz, CHCHa H b GOzH) , 2 .02  (1H , d d ,  J= 5 .0 ,  16.5  Hz,
CHCH H C 0 9H ) , 2.91 (1H, d d ,  J = 5 .0 ,  14.0 H z, PhCH  H C H ) ,A — B  ^ ^  g
3.11 (1H , d d ,  J = 4 . 5, 14.0 H z, PhCH H C H ) , 4 .02  (1H, m,
  A — B —
CHCH2C 0 2H ) ,  4 .21  (1H , m, CHCH2P h ) ,  7 .1 0 -7 .3 3  (5H, m 
C6H 5) ,  7.89 (1H, d, J = l .  5 H z, NH) , 8 .1 ^  (1H, d, J= 1 .5  Hz, 
N H ).
13C nm r S ( d 6-dm so)  : 38.02 (C H 2C 0 2H ) ,  38.12 (C H 2P h ) ,
51.10 (CH CH 2CO zH ),  55.27 (CH CH 2P h ) ,  126 .74-136 .29  (C 6H 5), 
166.54 (N H C O ), 166.75 (N H C O ), 171.57 ( C 0 2H ) . 
(R ) -A sp - (S ) -P h e O M e  (122) u n d e r w e n t  in t ram o lecu la r  cyc l isa t ion  
to  g ive  th e  d ik e to p ip e ra z in e  (125) [n o t  r e c o v e r e d ] .
XH nm r (200 MHz) 6 ( d 6-d m so )  : 2 .49  (2H, m, CHCH2C 0 2H ) ,
2.87 (1H, d d ,  J = 5 .0, 13.5 Hz, PhC H  H C H ),  3 .12  (1H, d d ,  
J = 4 .0, 13.5 H z, PhCH H C H ) , 4 .11  (1H , m, CHCH9CO ?H ) ,
A — B  u  u
4.53 (1H, m, CHCH2P h ) ,  7 .1 4 -7 .2 7  (5H, m, C 6H5) ,  7 .94  (1H, 
d ,  J= 1 .0  Hz, N H ), 8 .12  (1H, d ,  J= 1 .0  H z, N H ) .
13C n m r  6 ( d 6-dmso) : 36.87 (C H 2C 0 2H ) , 38.25 ( C H ^ h ) ,  50.33 
(CHCH2CO zH ),  55.74 (CHCH2P h ) , 126 .70-136.15  ( C ^ ) ,
167.01 (NHCO-) ,  167.33 (N H C O ), 171.72 (C O zH ).
CHAPTER 4
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G enera l P ro c e d u re  fo r  C o n v e rs io n  of Amines in to  Im ines  b y  
S w e r n . O x id a t io n ^
A so lu tion  of oxa ly l ch lo ride  (0 .96  ml, 11 mmol) w as p la ced  in 
a 100 ml ro u n d -b o t to m  f la s k  e q u ip p e d  w ith  m agne tic  s t i r r e r ,  s e l f -  
e q u i l ib ra t in g  d ro p p in g  fu n n e l  a n d  a s ilica  gel d ry in g  t u b e .  T h e  
so lu tion  was cooled to  -6 0 °C .  D im ethyl su lp h o x id e  (1 .5 6  ml, 22 mmol) 
w as d is so lv e d  in  d ich lo rom ethane  (2 ml) a n d  a d d e d  to  th e  so lu tion  
d ro p  wise o v e r  5 mins w ith  s t i r r i n g .  A f te r  s t i r r i n g  fo r  a f u r t h e r  3 
m ins , th e  a p p ro p r ia te  amine (10 mmol) in  d ich lo ro m eth an e  (3 ml) was 
a d d e d  o v e r  5 mins a n d  th e  m ix tu re  s t i r r e d  fo r  a f u r t h e r  10 mins 
m a in ta in ing  th e  te m p e ra tu r e  a t  -6 0°C . T r ie th y la m in e  (7 ml, 50 mmol) 
was th e n  a d d e d  o v e r  10 mins a n d  th e  m ix tu re  allow ed to warm slowly to 
room te m p e ra tu r e .  W ater (20 ml) w as a d d e d  a n d  th e  m ix tu re  s h a k e n  
v ig o ro u s ly .  T h e  o rg an ic  l a y e r  was s e p a r a t e d  a n d  th e  a q u e o u s  la y e r  
w ash ed  w ith  a f u r t h e r  p o r t io n  of d ich lo ro m eth an e  (20 m l ) . T h e  
com bined  o rg an ic  l a y e r s  w ere  w a sh e d  w ith  b r i n e ,  d r i e d  w ith  a n h y d ro u s  
N a2SO^ a n d  so lv e n t  rem o v e d  in v acu o  to  leave  a c r u d e  oil.
In d o le  (143)
In d o le  w as p r e p a r e d  from indo line  (141) b y  th e  g en e ra l  
p r o c e d u r e .  Glc of th e  to ta l  c r u d e  p r o d u c t  (2% SE 52 on GCQ a t  115°C) 
show ed  it  to c o n s is t  of indo line  (141) [1.3%; I (K ova ts  In d ex )  1238], 
indole (143) [87.5%; I 1320], a n d  th e  N -m e th y lth io m e th y l amine (145) 
[11.2%; I  1612]. B u lb - tu b e  d is t i l la t ion  (b p  115°C a t  2 mm Hg) 
a f fo rd e d  in d o le ,  mp 49~53°C ( l i t .  52 -54°C ), id e n t ic a l  (g lc ,  n m r ,  ms) 
w ith  a u th e n t ic  indo le .  T h e  r e s id u e  c o n s is te d  mainly of th e  N -m eth y l-
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th io m eth y l amine (145).
1H nm r 6 (C D C £ 3) : 1.90 (3H , s ,  CH 3S ) , 3 .02  (2H , t ,
J = 8 .0 H z, CH 2CH 2N ) ,  3 .56 (2H , t ,  J= 8 .0  H z, C H 2CH 2N ),
3 .58 ( 2H, s, N -C H 2S ) ,  6 .6 - 7 .4  (4H , m, C 6H4) .
[M ]+ 179 , [M ]+ -  SC H 3 132.
2-M ethylindole (144)
2-M ethylindole (144) was p r e p a r e d  from 2-m ethy lindo line  (142) 
b y  th e  g en e ra l  p r o c e d u r e .  Glc of th e  to ta l  c ru d e  p r o d u c t  (2% SE 52 
on GCQ a t  115°C) show ed  it  to  c o n s is t  of 2 -m ethy lindo line  (142) [1.1%;
I 1245], 2 -m ethy lindo le  (144) [88.3%; I 1403], a n d  th e  N -m e th y l th io -  
m e th y l amine (146) [10.6%; I 1612], Silica gel c h ro m a to g ra p h y  (10% 
E tO A c-h ex an e )  a f fo rd e d  2 -m eth y lin d o le ,  mp 58~60°C ( l i t .  5 8 -60°C ),  
id e n t ica l  (g lc ,  n m r ,  ms) w ith  a u th e n t ic  2 -m ethy lindo le .  T h e  r e s id u e  
c o n s is te d  of a m ix tu re  of 2 -m eth y lin d o le ,  u n r e a c te d  2 -m ethy lindo line  
a n d  th e  N -m eth y l th io m eth y l amine (146) w hich  w as id e n t i f i e d  in th e  low 
re s o lu t io n  mass sp e c tru m  of th e  c r u d e  r e s id u e ,  [M ]+ 193, [M ]+-S C H 3 
146.
N -B en zy lid en eb en zy lam in e  (151)
N -B en zy lid en eb en z y lam in e  (151) was p r e p a r e d  from d ib e n z y l-  
amine (149) b y  th e  g e n e ra l  p r o c e d u r e .  T h e  S ch if f  b a s e  (151) [63.4%] 
was re a d i ly  s e p a r a t e d  b y  b u lb - t u b e  d is t i l la t io n  (210°C a t  0 .25  mm Hg) 
a n d  was fo u n d  to  b e  id e n t ic a l  ( i r ,  n m r ,  ms) w ith  a n  a u th e n t ic  sample 
p r e p a r e d  from benzy lam ine  a n d  b e n z a ld e h y d e .  T h e  r e s id u e  c o n s is te d
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e n t i re ly  of th e  oily m e thy lth iom ethy l am ine (153) [36.6%].
l H nm r 6(CD C& 3) : 2.14 (3H, s ,  C H 3S ) ,  4 .47 (4H , b r . s ,  
CH 2P h ) ,  5 .28 ( 2H, s, CH 2S ) ,  7 .28 (10H , s ,  C6H 5) .
[M ]+ 257.1262 ; C l6 H 19NS r e q u i r e s  257.1258
[M]+-S C H 3 210.1280
[M ]+-C H 2SCH 3 196.1124.
N -B en zy lid en eb en z y lam in e  (151) from B e n z a ld e h y d e  a n d  
B enzy lam ine
B enzy lam ine  (0 .5 5  ml, 5 mmol) a n d  b e n z a ld e h y d e  (0 .5 1  ml,
5 mmol) w ere  d is s o lv e d  in  d ich lo ro m eth an e  (50 ml) a n d  th e  m ix tu re  
h e a te d  to r e f lu x  u n d e r  a t r a p  of m olecu la r  s ie v e s  (4A) fo r  h r s .
T h e  so lv en t  was rem o v e d  in v acu o  to  g ive  th e  S ch iff  b a s e  (151) a s  a 
yellow oil (0 .9 3 g ,  95%).
1H n m r  6 (C D C £ 3) : 4.70 (2H , s, P h C H 2) 7 .1 5 -7 .8 0  (10H, m, 
C6H 5) ,  8 .19  (1H, b r . s ,  N = C H P h ) .
N -B en zy lid en ean i l in e  (152)
N -B en zy lid en ean i l in e  (152) w as p r e p a r e d  from p h e n y lb e n z y l -  
amine (150) b y  th e  g e n e ra l  p r o c e d u r e .  T h e  c r u d e  m ix tu re  was 
in s e p a ra b le  b y  d is t i l la t io n ,  sublim ation  o r  alum ina c h ro m a to g ra p h y .
T h e  90 MHz n m r sp e c tru m  was a s u p e rp o s i t io n  of th e  s p e c t r a  of th e  
S ch iff  b a s e  (152) [52.5%] a n d  th e  m e th y lth io m eth y l amine (154) [47.5%].
nm r [M ethy lth iom ethy l amine (154)] 6(CDC&3) : 1.92 (3H, 
s ,  CH 3S ) ,  3.70 ( 2H, s, C H 2S ) , 4 .38  (2H, b r . s ,  C H 2P h ) .
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